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^VILLIAM LOWTHIAN GREEN. 
^And His Theory of the Evolution of the ^ 
Earth's Features. 

By C. H. Hitchcock, LL. D., Hanover* N. H. 
(Portrait.) 

The scientific world is now beginning to i see a signifi- 
cance in the speculations of the late Hon. W. L. Green of 
Honolulu, H. I., concerning the early history of the earth. 
It will be well, therefore, to present a brief biographical sketch 
of the man, with some notice of his work. For the reminis- 
cences we are indebted to his brother, Joseph Green, of Eng- 
land, supplemented by information furnished by his daugh- 
ter, Mrs. Mary E. G. Williams, now residing in Honolulu. 
The photograph was taken when he was forty-two years 
of age. 

William Lowthian Green was by profession a merchant. 
His family for two generations had been engaged in commer- 
cial pursuits in the north of England. 

The mechanical and scientific propensities he developed 
very early may nevertheless have been in part hereditary. 

Charles Green, the astronomer appointed, in 1768 to ac- 
company Captain Cook in his expedition to the Pacific to ob- 
serve the transit of Venus, was of the same stock; people orig- 
inally from Lincolnshire. One of them had settled in the 
West Riding of Yorkshire. His son, John Green, entered 
into business in Leeds and eventually became wealthy. He 
built a brewery in that town, and in the history of the ceramic 
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itr*. r: Knjfland his name is mentioned with that of the Bram- 

* v.*^. tr, c/.y;ntction with the potteries at Swinton, and in the 
-';;^'*-K^ rear iJoncaster. The *'Don Pottery" he built at Swin- 
v,r a : -xzAxti\ years ago, still exists. Two of his sons were 
;,ji£r:y *;':^>:ated at the Jesuit college at Donai. His prompti- 
*\^^. r v-r;ding for the boys at the outbreak of the war with 
> '^^'>r tavtd them the fate of some of their fellow students. 
V**', ^^cft- fmpriftoned. One of these sons, Joseph, was in after 
y^Tk *'',^ Ui'hi:r i)i the subject of the present memoir. 

y/h^\jti (jrttn was himself of a speculative turn of mind. 
>> :rr*-K\UUUt was his natural inclination toward astronomical 
^•u':>* tJiat when his friends were still wealthy and he had 
'.\ -VfjfnHiate rcaMjn for choosing a profession, he voluntarily 
<y,yf^nut-i\ himself to Jesse Ramsden, the tlien famous op- 
• .' r^ti 'dtu\ maker of astronomical instruments in London. 

/*, %nMi*^^ change in the circumstances of his father obliged 
' -y/i Uj f/^rnake his intellectual hobby and seek employment 

• a m-'irantile houpe. Subsequently he went to Rio Janeiro. 
kJ ^jjJrH pro|>erty in sugar estates and became rich. During the 
'*'^* of his life he suffered some vicissitudes of fortune, but 

ri Kite library there was always a portrait of Jesse Ramsden, 
'!)*- f>'>^>kshtlves were filled with eighteenth century French 
AuTAture and encumbered with microscopes, telescopes, vol- 
*ai-f f>atteri«'s and other engines of amateur science fashioned 
in his day. 

Hi*t iUU'hi srjn, William Lowthian, was born in Dough- 
'\ >trrH, l^)ndon, Sept. 13th, 1819. The family after- 
wards r«'fnovcrI to a small property called Woodfield, near 
Swinton, This last remnant of the old potter's family 
lal^^ngingh was sold about the year 1844 to a railway 
'•ompany by W. L, Green himself, who characteristically in- 
vested the proceeds in a mechanical toy, a screw steamer. 
His father, who in the later years of his life had estab- 
lished a commercial house in Liverpool, was then dead. In 
that city William Green received his early education, which 
was completed at King William's College in the Isle of Man. 

There, at one of the annual college examinations, curi- 
ously enough to those who knew his apparently matter-of- 
fact disposition, he took the prize for English poem, the sub- 
ject being "Castle Ruthen," a Danish ruin in the neighbor- 
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hood. Though full of imagination, his mind seemed forcibly 
bent by the very love of theorizing towards those mechanical 
and practical studies by means of which he was aware he 
would eventually have to fortify his views. In his youth spec- 
ulative geology, volcanic agencies and cosmogonies were the 
rage. As a mere boy these things had occupied his thoughts. 

The accident of his birth and his family interests threw him 
into mercantile pursuits, with which he never had any real 
sympathy: still he endeavored to follow them loyally. He 
entered a commercial firm in Liverpool which still bore his 
deceased father's name. In its employ he sailed to Buenos 
Ay res. He rode the conventional ride over the Pampas to 
Mendoza and crossed the Andes into Chile by the usual route, 
the Aspallata pass. From Valparaiso he took ship to Lima, 
where he remained some time in the exercise of his duties in 
a merchant's office. 

It was on his return to Liverpool, about 1843, ^^*^^' already 
wearied with the drudgery of business, he conceived the no- 
tion of building a screw steamer and trying his luck as a 
mercantile free lance or Spanish Adelantado on the coast of 
South America, between Rio Grande do Sul and the Rio de 
la Plata. His little craft, the "Flecha," was the first screw 
steamer that had reached those regions. 

The adventure — like most others somewhat premature in 
idea — was unsuccessful; yet soon after this failure any posi- 
tion he might have desired to hold in a large mercantile house, 
with branches in four different parts of South America, was 
placed at his disposal. He preferred to throw in his lot with 
the miscellaneous crowd that in 1848 made a rush to Cali- 
fornia. Some of his companions, including a relative of his 
own, were fortunate and in due time amassed wealth. Green 
himeelf was soon reduced to extremities, and chose to work 
his passage before the mast in a small trading vessel from 
San Francisco to Honolulu. The tradition is that his super- 
iority was quickly recognized on board and that he gave ma- 
terial assistance in navigating the ship. 

Those who remember W. L. Green will have no hesita- 
tion in deciding that the gold of California was a trifling mat- 
ter in his mind and that the real attractions which had origin- 
ally lured him westward were the volcanoes of Hawaii. He 
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was then puzzling his head over theories which not ten years 
later took an early shape in an article in the Edinburgh New 
Philosophical Journal, on the outline of the southern extremi- 
ties of the continents of the globe.. 

On his arrival at Honolulu he had to attend firstly to ma- 
terial wants. He happened to be most kindly received by a 
merchant, Mr. Robert Cheshire Janion, and in a short time 
became a partner in the firm of Janion, Green & Co., in Hono- 
lulu and Janion, Green & Rhodes in British Columbia. 

He married a daughter of Dr. McKibbin, a resident Eng- 
lish physician in Honolulu, and perhaps, saving some tem- 
porary visit to the American coast, never again quitted those 
seductive Hawaiian islands. He died there on Dec. 7, 1890. 

During the intervals of leisure in his several occupations 
as merchant, founder of the now prosperous iron works, sugar 
planter, deputy British commissioner, senator, and at times 
prime minister of the kingdom of Hawaii, his mind, we may 
be certain, was fixed upon the working out of the geological 
theory of the conformation of the earth's crust. 

Independently of his business occupations, he had to con- 
tend with the difficulty of pursuing his scientific studies thou- 
sands of miles distant from Europe and out of the imme- 
diate reach of books, the papers of learned societies, and, 
above all, of daily converse with men of kindred ideas in his 
own country. 

Part I of Mr. Green's "Vestiges of the Molten Globe" was 
published by Stanford in London in 1875. I^ appeared to at- 
tract little attention from the British scientific world. The few 
criticisms that appeared in the scientific and literary journals, 
such as ''Nature'* and the *'Atheneum," were unfavorable and 
almost contemptuous. Writing from the Hawaiian islands to 
his brother in London in March, 1882, Green says: 

''Stanford has written to me that he wants to get the" 
'Remaining copies of the 'V^estiges of the Molten Globe' out" 
**of his way. They will not realize much as waste paper" 
"as there is not much paper about them. Mons. Dau-" 
"bree keeps sending me messages that they would like" 
"to receive more of my lucubrations on volcanic sub-" 
"jects. .\ letter I recently sent to Paris was published" 
"in the proceedings rjf the Paris Geographical Society" 
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**and was accompanied with photog^phs of a running lava" 
"stream near Hilo. I think I shall publish my next article'' 
**on volcanic action through M. Daubree, who is President" 
"of the Institute of France and head of the Ecole des Mines." 
**He and Mons.de Lapparent, the head of the French Geol-" 
**ogists, understand perfectly every point in my book; where-" 
"as the English geologists misunderstand everything about" 
"it. I mention this because when I publish the volcanic" 
"part of the 'Vestiges* it may call attention to the first part." 

Part II of the "Vestiges of the Molten Globe" was printed 
and published in Honolulu in 1887 under Mr. Green's own 
superintendence, but at a time when his health was beginning 
finally to give way. Only a few copies of the work reached 
England, and these were sent by him personally to leading 
scientific men. 

In the appendix to Part II Mr. Green, with the object of 
illustrating volcanic action, gives a graphic description of ex- 
peditions in 1859-1860 to the craters of Loa, Kea and Hualalei 
and to the lava lake at Kilauea; with goat hunters for guides 
he spent days and nights in observing the fissures in the moun- 
tain sides and the streams of white-hot lava spreading over 
the plateaux. 

He was then in the prime of life and of an iron constitu- 
tion. As a boy he was fond of athletic sports. He was a 
famous rider and gymnast. His cleverness as well as his 
thoroughly reliable character made him a favourite with his 
teachers and schoolfellows. In his sports he was eager and 
high-spirited, but in general he was studious, taciturn and very 
absent minded. This last quality he seems to have retained. 
Most English readers are acquainted with Miss Bird's charm- 
ing account of her visit to the **Hawaiian Archipelago." Some 
may remember G — , **who sat profoundly absorbed" in the 
contemplation of lava jets at Kilauea. When Miss Bird, fa- 
tigued with her day's sightseeing at the burning lake, was 
anxious to make the tea, the bringing of which had been en- 
trusted to her companion, it was discovered that G — had 
forgotten the tea. Mr. Wm. Lowthian Green, thus immor- 
talized by the fair traveller, was a man of middle hight, with 
delicate features, pale complexion, a broad and high forehead 
and curly, dark brown hair. The curls he used to scrupulously 
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straighten when a boy; it was considered "girlish" in those 
days to have curly hair. The hair, as well as a nervous^ 
active temperament, he inherited from his mother, who was 
partly of Scottish descent. On the paternal side of his house, 
Mr. Green had Italian blood in his veins. This mixture of 
nationalities is common in the genealogies of commercial 
people. 

In his foreign home he was happy in the devotedness of 
a wife and loving daughter and in the kindness of many per- 
sonal friends, some of whom were fellow workers in geology. 
As man of business and minister of state, he had earned the 
respect of both natives and foreigners in Hawaii. His last 
and only illness he bore patiently. He was no doubt troubled 
with a desire natural to authors to live long enough to see 
the value of his scientific labours acknowledged. His faith 
in his geological theory was intense. He may have chafed at 
the supercilious negleci of his book by English writers, but 
his last moments were cheered by a glow of recognition from 
French and Ilelgian men of science. 

Mr. Green's latest literary effort was a courteous notice 
of J. D. Dana's most recent contribution to geological science, 
a work in which some of Green's statements had been re- 
ferred to. His reply was reprinted in 1890 in pamphlet form 
and must have been dictated when he was almost physically 
incapable of holding a pen. His mind to nearly the hour of 
his death remained bright and active. 



The memory of William Lowthian Green will be honored 
henceforth because of his success in showing why the earth 
has assumed its present relief. Our most eminent authors 
have heretofore failed to discover the principle regulating the 
contraction of the earth, almost to the point of denying the 
existence of any rational element in the development. The oro- 
graphic features have been clearly made out, the stability 
of continents and ocean beds affirmed, two causes of topo- 
graphic trends nearly at right angles to each other have been- 
detectecl; but how do these facts match? It has not been be- 
cause no one has claimed the discover^'; for Elie de Beau- 
mont enunciated many approved principles. Geologists saw 
that his network of [K'nta^ons. as well as the dodecahedral 
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lines of Richard Owen, would not stand the test of a rigorous 
analysis ; and hence had no patience to listen to the overtures of 
Mr. Green with his tetrahedral symnletr}^ 

Upon examining a terrestrial globe it is easy to block out 
the tetrahedron with the apefx at the south pole and the an- 
gles proceeding northerly by the way of South America, Afri- 
ca and Australia; with basal angles in North America, Scan- 
dinavia and northeastern Asia, and a north polar ocean rest- 
ing upon the base of the figure. In a measure these salient 
points have existed as projections ever since the Archean 
period, for the figure must have been fashioned prior to the 
beginning of sedimentation. The following features of the 
earth's topography may be mentioned as explicable by this 
theory and not by any other: 

1. Most of the land is in the northern hemisphere, strech- 
ing eastwards and westwards along parallels of latitude. 

2. There are practically three double continents north of 
the equator: America, Africa-Europe, Asia-Australia, with 
pyramidal projections pointing into the southern ocean. The 
northern portions are broader than the southern. 

3. At the north pole the land is depressed, supporting the 
Arctic ocean. 

4. The continents and oceans are antipodal to each other, 
land being always opposite to water. 

5. The southern hemisphere is mainly ocean, with a cen- 
tral mass of land at the pole and terrestrial projections radiat- 
ing from it. 

In the further study of details the hextetrahedron is em- 
ployed, and the twenty-four triangles of that figure are seen 
to be spherical, not plane. Hence the earth's figure as thus 
conceived departs very little from the sphericity usually 
ascribed to it. Oblateness is a feature added to the contrac- 
tional shape by the earth's rotation, and modifies the figure 
somewhat — more particularly by the movement of the water 
which must assume its level. Mr. Green has carried out the 
details of the network of fissures at angles of sixty degrees 
with each other only for the Hawaiian islands. 

There are two facts requiring further explanation: first, 
the separation of all the continents by a mediterranean line 
of depression, and second, the eastward projection of the 
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southern peninsulas. The explanation is supplementary to the 
presence of the tetrahedron, as propounded by Mr. Green. 
The tetrahedron rotates around the polar axis. At first the 
different points moved with equal velocities; but when the 
protuberances became accenuated the three upper ones were 
retarded, while the regions south of the equator moved more 
rapidly. Thus the hextetrahedron has been submitted to tor- 
sion, which has produced a line of continuous rupture near 
the equator corresponding to the well known volcanic belt or 
earthquake zone. Hence, it is easy to understand why the 
lines of elevation have failed to correspond exactly to the 
tetrahedral angles. Borrowing the language of crystallogra- 
phy, if the whole earth is a hextetrahedron, the line of rupture 
is a twinning plane, not necessarily coincident with any ele- 
ment of the crystal. The position of this plane is further 
justified by referring to the tides produced in the primitive 
eartn while the crust was still thin. 

The equatorial bulge of the earth is understood to pro- 
duce the precession of the equinoxes. As the three northern 
protuberances must have some effect for similar reasons, Mr. 
Green finds it in the inclination of the ecliptic. 

M. de Lapparent, in adopting this theory, finds in it the 
explanation of the excess of the attraction of gravitation in the 
northern hemisphere. The sea is attracted by these three pro- 
tuberances; but in the middle of each of the oceanic depres- 
sions the surface of the water would tend to flatten, as the 
latter is nearer the center of the earth. 

In studying the collapse of spherical bodies, Mr. Green 
quotes from experiments of Mr. Fairbairn. [Useful informa- 
tion for engineers]. Hollow glass spheres were reduced to 
fragments, and nothing could be learned as to the method of 
their collapse. Rubber spheres immersed in water tend to- 
wards a tetrahedron. Soap bubbles in the air present a slight- 
ly tetrahedroidal form when compared with air bubbles in 
water. Some organic bodies, like nuts and tetraspores, ex- 
hibit shapes indicative of a collapsing tetrahedral body. Cylin- 
ders show very satisfactorily a flattening from three different 
directions after collapse. 

The sphere of all regular solids embraces the greatest vol- 
ume with the smallest surface. The tetrahedron has greatest 
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surface with the smallest volume. Hence a collapsing spher- 
ical envelope **tends to adopt that form which most quickly 
and permanently disposes of the excess of its linear dimen- 
sions about the diminishing volume of the contents which 
support it." The force producing collapse is simply the 
weight of the earth's crust. 

Possibly the above statements are not adequate to pro- 
duce conviction in some minds. A word from a geologist 
may be of avail. Mr. E. D. Preston, of the United States 
Coast and Geodetic Survey, read a paper upon **Recent Pro- 
gress in Geodesy" before the Philosophical Society of Wash- 
ington, April 30, 1898, printed in January, 1899, in which he 
takes the ground that recent measurements of arcs in Amer- 
ica, Europe and Asia indicate a "greater curvature than would 
be required on an oblate spheroid of the dimensions of our 
earth;" and that the "theory which seems to provide most con- 
sistently for the phenomena" is the tetrahedral one. If the 
geodesists agree in drawing such conclusions the geologists 
will follow suit and express great pleasure in having such dif- 
ficult questions settled for them satisfactorily. 

Only one geological matter will be mentioned. The 
theory can be applied to the solution of problems in the evo- 
lution and distribution of life about the southern terminations 
of the continents. Similarities in the life in America, Africa 
and certain islands somewhat antipodal to us may now be ex- 
plained, as well as an ancient ice age, described in a recent 
number of the American Geologist.* 
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A. IntrodactioD. 

B. The Belvidere-Clark County Region. 
I. The Bolvidere Locality. 

a. Description and History-. 

b. The Cheyenne Sandstone. 

1. Stratigraphy. 

2. Fossils. 

c. The Kiowa Shales. 
1. Stratigraphy. 
Z. Fossils. 

4< The Medicine Beds and Dakota Sandstone. 

1. Stratigraphy. 

2. Fossils. 

II. The Clark County Locality 

a. Description and History. 

b. The Kiowa Shales. 

1. Stratigraphy. 

2. Fossils. 

c. The Medicine Beds and Dakota Sandstone. 

1. Stratigraphy. 

2. FossUs. 

C. The Mentor-Marquette Region. 
I. The Mentor Beds. 

a. History and DeFcription. 

b. Stratigraphy. 

c. Fossils. 

II. The Marquette Locality. 

a. History and Description. 

b. Stratigraphy. 

c. Fossils. 

III. The Dakota Sandstone. 

a. History and Description. 

b. Stratigraphy. 

c. Fossils. 

D. Conclusion. 

A. Introduction. 

The Cretaceous rocks of Kansas consist of the following 
well known groups: Comanche, Dakota, Benton, Niobrara, 
and Ft. Pierre. Of these the Comanche is usually considered 
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as composing the Lower, and the other four groups the 
Upper Cretaceous.* The line of separation between the Lower 
and Upper Cretaceous, or in other words, between the 
Comanche and Dakota has never been sharply marked. Both 
groups are noted for characteristic fossils — vertebrates, inver- 
tebrates and leaves in the Comanche; and leaves, chiefly 
dicotyledenous, in the Dakota — but until recently very little 
work has been done in the way of correlation, nor has the 
Dakota itself been sharply defined. Mr. Logan says, '*The 
Dakota formation may be subdivided, buf there are no well 
defined separating lines."t As Robert T. Hill once remarked, 
the Dakota seems to have been a sort of dumping ground for 
any leaf-bearing sandstone in the Cretaceous. 

The Dakota, however, has the advantage of having been 
studied along paleobotanical lines. There are few better 
known formations in the United States judged from the stand- 
point of fossils alone. By the efforts of such collectors as 
Hayden, West and Sternberg, and such paleobotanists as 
Heer, Capilini, Newberry, Lesquereux, Ward and Knowlton 
the scientific world has been introduced to a wealth of fossil 
flora perhaps the most perfect known. 

Most unfortunately, however, the collecting has been done 
in most cases by those who either could not or at least did 
not work out the stratigraphy and so a good part of the 
scientific knowledge has not been forthcoming. In some 
instances leaf-producing localities have been deliberately con- 
cealed and specimens collected fifteen miles or more from the 
locality indicate^ by the label. 

Our knowledge of the Comanche of Kansas is quite recent. 
Professor Crag^n to whom we are indebted for the earliest 
as well as the most careful studies in these formations con- 
sidered these rocks as Dakota and Benton as late as 1889. 
Since that time, however, a number of papers have appeared 
most of which will be referred to in this article. As a result 
of these studies the Comanche is as familiar to the geologist 
as any other group in the state. 

There are in Kansas two principal regions in which the 

♦See Geo. I. Adams' paper, University Geological Survey of Kansas, 
Vol. IV, pp. 15-27, 1898. 

tibid.. Vol. II, p. 207, 1897. 
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Comanche and Dakota Cretaceous may be studied. The first 
of these, which is located in the southwestern part of the state 
in Barber, Comanche, Kiowa and Clark counties, naturally 
divides itself into two localities, viz: the Belvidere locality 
and the Clark county locality. The second region, which is 
situated in Saline and McPherson counties a little east of the 
center of the state and from one hundred to one hundred and 
fifty miles north-east of the first named region, may also be 
divided into two localities. The Mentor Beds and the Mar- 
quette locality. 

That these four localities are very similar as regards 
paleontology and show considerable of stratigraphical simi- 
larity will be demonstrated in this paper. They are in all 
places underlaid by the Permian shales and Red-beds, and cov- 
ered with post-Cretaceous (Tertiary or Pleistocene) deposits, 
except the Mentor beds which grade upward into the Dakota 
which in turn is overlaid by the Benton. 

B. The Belvidere-Clark County Region. 
1. The Belvidere Locality. 
a. Description and History, 
The published articles of such geologists as Cragin, Hay, 
Snow, Williston, Hill, Prosser, Vaughan and Ward have made 
the geological world familiar with this region. It is safe to 
say that no region of equal area in the state has been more 
thoroughly studied or yielded more satisfactory results. A 
very comprehensive resume of the literature up to 1896 has 
already been given by professor Prosser.* To this the reader 
is referred for details. Suffice it here to say that professor 
Cragin in i885t described the Black hill horizon west of Sun 
City, and referred the rocks to the Benton, and the next year 
to the Benton and Dakota.t Mr. St. John§ and professor Hay|| 
considered them Dakota. In 1889 professor Cragin published 
a section of a hill near Belvidere and assigned to the rocks their 

*Uni. Geol. Sur. of Kansas, vol. II, pp. 96-1 11, 1897. 
fBulletin Washburn College Laboratory of Natural History, vol. I, 
pp. 85-91, 1885. 

Jlbid., vol. I, p. 166. 

§5th Annual Report Kans. St. Bd. of Agriculture, pp. 143-144. 

||Tr. Kans. Academy of Science, vol. X, p. 22, 1887. 
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true position in the Comanche Cretaceous.* In December of 
the same year he named the basal member the Cheyenne 
sandstone, from the Cheyenne rock at Belvidere, Kansas, t 
and in 1895 the upper member was designated as the Kiowa 
shales.* Professor Robert T. Hill of the U. S. Geological 
Survey visited the region in August, 1894. The writer formed 
a member of his party and then studied the formations for 
the first time. Extensive collections of invertebrates were 
made and dicotyledenous leaves were discovered in the 
Cheyenne sandstone. Professor Hill announced the discovery 
of the leaves in June, 1895 ;§ and in September of the same 
year published an extended article "On Outlying Areas of 
the Comanche Series in Kansas, Oklahoma, and New Mex- 
ico*' in which the Cheyenne flora and the Kiowa fossils are 
thoroughly discussed. || Professor Cragin, three months later 
followed with an article entitled, **A Study of the Belvidere 
beds,"^ in which he crystallized names formerly applied, 
added several new ones and formulated his Elk-Otter section 
of the Belvidere beds.** This section is here given entire not 
because the writer may agree completely with all its subdivi- 
sions but because it may be considered as the type section and 
is a good working model. 

III. Kiowa shales. 
4. Tucumcari shales. 
3. FuUington shales, 
b. Blue Cut shales. 

a. Black hill shales. 
II. Champion shell-bed. 

1. Cheyenne sandstone. 

2. Elk Creek beds. 

b. Stokes sandstone, 
a. Lanphier beds, 

I. Corral sandstone. 

The last two papers mentioned are somewhat controversial 
in character ; professor Hill contending that the beds **repre- 

♦Loc. Cit., vol. II, p. 33. 

tibid., p. 65. 

^Colorado College Studies, vol. V, pp. 49-69, 1895. 

§American Journal of Science, 3d Series, vol. 49, p. 473, 1895. 

Illbid., vol. 50, pp. 205-235. 

*! American Geologist, vol. XVI, pp. 357-386, 1895. 

♦♦Ibid., p. 361. 
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sent the modified, attenuated northern portion of the Washita 
division and probably a portion of the Fredericksburg division 
of the Comanche series of Texas/* while professor Cragin 
believes that the beds form another division of the Comanche 
series and proposes the name Kiowa for the group which, 
"represent a group of sediments intermediate between the 
Fredericksburg and the Washita division." The writer has 
neither the inclination nor the ability to intelligently discuss 
these questions. They must finally be settled by the paleontol- 
ogist. The consensus of opinion however seems to be in 
favor of the position taken by professor Hill. 

In 1895 the writer collected fossils in both the Belvidere 
and Clark County localities for the Johns Hopkins University, 
and in 1896 he was with professor Prosser's party in the 
employ of the Kansas Geological Survey. As the result of 
the study by this party professor Prosser's paper mentioned 
above was written. 

In October 1896 Dr. Lester F. Ward and Mr. T. Wayland 
Vaughan of the U. S. Geological Survey studied the exposures 
of the Comanche in this locality. Collections of fossil leaves 
and shells were made. Dr. Ward read a paper embodying a 
report of the w^ork before the Philosophical Society of Wash- 
ington, which was reported in ''Science."* Mr. Vaughan also 
published the results of his investigation in a short report 
entitled, ''Additional Notes on the Outlying Areas of the 
Comanche Series in Oklahoma and Kansas. "t 

During the summer of 1897 the writer formed a member of 
Dr. Ward's party which spent nearly a month in this locality. 
Other members of the party were Paul and Mark White, stu- 
dents of Southwest Kansas college, interested in local geology. 
The time was chiefly occupied in collecting fossil leaves in 
the Cheyenne sandstone, but a number of sections were 
taken and stratigraphical studies made. Dr. Ward published 
a brief resume of the work done.t By his advice the writer 
published the result of some investigations which were made 
during this time in a paper entitled, "On a Series of Transi- 



♦Science, N. S., vol. IV, p. 883, i8g6. 
tAm. Journal Sci.,vol. IV, pp. 43-50, 1897. 
^Science, N. S., vol. VI, p. 815. 
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tion Beds from the Comanche to the Dakota Cretaceous in 
Southwest Kansas."* 

The name Medicine beds was applied to the series. The 
Medicine beds consisted of four formations, grading conform- 
ably from the marine Kiowa to the leaf-bearing Dakota. The 
type localities were on the head of the Medicine river in Kiowa 
county and on Upper Bear and Sand creeks in Clark county. 
The beds were defined on purely lithological grounds and 
were intended to be simply *'a series of transition beds". 

During the summer of 1898 I was a member of the party 
of Dr. Ward and Dr. T. W. Stanton of the U. S. Geological 
Survey. We were accompanied by Mr. Mark White and a 
part of the time by professor R. B. Dunlevy of the Southwest 
Kansas college. During the summer the party visited all four 
localities discussed in this paper and made careful studies and 
collections at numerous points. 

The two localities of the Belvidere-Clark county region 
may be differentiated although they are in a sense connected 
and have many points of resemblance. Plate No. XLIV of 
Vol. II of the University Geological Survey of Kansas shows 
graphically the outcrops of the Cretaceous of the region. In 
the paper "On the Transition Beds etc." the following descrip- 
tion was given. *'It (the Cretaceous) begins near Sun City in 
northwestern Barber county and gradually thickens westerly, 
attaining its maximum on the upper Medicine river west of 
Belvidere. It thins out to a mere line at Coldwater, again 
thickens on Bluff, Bear and Sand creeks in Clark county, and 
finally disappears at the Big Basin in the western part of the 
county."! I" both localities the principal exposures are in 
valleys cut out by the streams from the Tertiary plain. The 
thickness of the Cretaceous near Coldwater was once probably 
as great as in either of the other localities but it has been 
removed by post-Cretaceous erosion and covered by Tertiary 
or Pleistocene deposits. Exposures in this vicinity are rare 
and when found are only a few feet in thickness." 

Belvidere, the village from which the locality is named, 
is a station on the Mulvane extension of the Atchison, Topeka 

♦American Journal Sci., vol. V, pp, 169-175, 1898. 
tLoc. cit., p. i6q. 
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& Santa Fe railroad, situated in the upper valley of the Medi- 
cine river. Surrounded by the round-topped hills and escarp- 
ments of the Cheyenne sandstone, the little village is a pict- 
uresque spot. 

The Cretaceous rocks of the Belvidere locality consist of 
three distinctly marked horizons each distinguished by char- 
acteristic fossils and stratigraphy. The lower member is the 
Cheyenne sandstone containing an abundant dicotyledenous 
flora with numerous conifers and ferns ; the second member is 
the Kiowa shales distinguished by its abundant marine 
fauna both vertebrate and invertebrate. These two members 
constitute the Comanche series. Resting conformably upon 
these and grading upward through a series of beds either 
barren or slightly fossiliferous (the Medicine beds) is the leaf- 
bearing Dakota sandstone. 

b, Cheyenne Sandstone, 
I. Stratigraphy. 
The Cheyenne sandstone is unconformable throughout on 
the unevenly eroded surface of the subjacent Permian Red- 
beds. In all places in the locality so far as noticed the upper 
part of the Red-beds consists of a gray or greenish streak or 
band from one to three feet thick. The coloring is probably 
due to infiltrations of water charged with minerals, which 
forms the springs so common in the region, mentioned by 
professor CVagin.* Some of the minerals held in solution are 
iron, alum, epsom salts, and gypsum. The origin of this 
water is probably in the Kiowa shales, in fact in many places 
it may be noticed seeping out and trickling down into the 
Cheyenne. The rather coarse \f,rnmvt\ Cheyenne offers little 
resistance to the flow, and whffi \hv water reaches the Red- 
beds beneath it penef raff*; to a ^u\fv \vuX ck'pth to color the 
band referred to, and fif»a)l/ j-^-M'-i; ifi the form of springs 
between the ( he yenne and Mr^ P'd )ff(\<i. The exposures ot 
unconformity are nM rnurr' roiN < nt' n\ the localities was 
photographed by prnU^^'^frr Vrn^^fr * l'iMf#r erpusurcs are to 
be seen near the nuMifh of 7 fJ'' / ^^r:, *r * /^ tn't\t « \n cm, and on 
Walker creek three rnil'-' '^f*'^ nf f>'"'!/f/ 



♦Loc. cit., p. Yf2. 

tLoc. cit., pl«te XVI, /'JM' f'i 
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The Cheyenne sandstone consists of two general divisions 
which, however, are not in all places sharply marked. The 
lower part is usually rather fine grained, soft, variegated, 
grayish or yellowish, more or less cross-bedded sandstone 
containing, in many places, smooth, water-worn pebbles of 
quartz, clay, granite, etc. These are sometimes as large as 
hens' eggs but are usually much smaller. The same kind of 
pebbles is often seen in pockets on the Red-beds where un- 
conformity is shown. The sandstone also contains occasional 
lenticular masses of soft bluish clay or shale and sometimes 
lignite or other carbonaceous matter. The thickness probably 
nowhere exceeds fifty feet, and the entire horizon is apparently 
wanting in places. This is professor Hill's No. I and professor 
Cragin's Corral sandstone. 

The upper part of the Cheyenne is composed of alternating 
layers of sandstone, sandy shale, and hard argillaceous shales 
arranged without similarity of position. The sandstone is 
in places as firm as the Corral and is usually more variegated. 
The colors pass from gray and light yellow through various 
shades of yellow, pink and brown to black. It is nearly always 
distinctly stratified and often tilted at an angle of as much 
as thirty degrees. Between the sandstone Jayers are often 
found beds of sandy shale varying in color from light brown to 
almost black. The dark color is due to the amount of carbon- 
aceous matter contained and not .as in the case of the harder 
sandstone to the presence of iron. Interspersed among the 
sandstone, sometimes in pockets but usually in larger areas, 
is the argillaceous shale. Sometimes it lies on the Corral and 
again it is separated from it. by several feet of other sand- 
stone. It consists for the most part of sleek, light blue or slate 
colored, heavy, apparently unstratified masses, totally barren 
of fossils as far as known. Sometimes a band of this shale 
between two layers qI sandstone will run at an angle of twenty 
to thirty degrees from the Corral to the overlying Kiowa. In 
many places it is wanting while in others it occupies nearly all 
the Cheyenne above .the Corral. 

This is the part that corresponds to professor Hill's Nos. 2 
and 3 or professor Cragin's Lanphier and Stokes. That these 
names may and do apply in the limited area where professor 
Hill made his section and where professor Cragin obtained 
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The distinguishing peculiarity of section No. 2 is the . 
presence of so large a bed of clay in the Corral. The bed itself 
contains a layer of Corral one foot thick. The upper part of 
the section, No. 6, contains very little clay, and the fine sand- 
stone is in places dazzlingly white in appearance. 

Section j. At the flume at the mouth of Bull draw, on Thompson 
creek, two and one-half miles west of Belvidere. 

Feet 

8. Kiowa to top of hill ±50 

7. Champion i 

6. Black laminated shales with leaves and carbonaceous matter 5 

5. Massive or cross-bedded, variegated sandstone, with many 

leaves in the upper part 35 

4. Soft shaly sandstone with leaves and ferns 6 

3. Black carbonaceous shale with strata of soft sandstone con- 

taining many imperfect leaves and ferns, grading into 

No. 4 3 

2. Yellowish green shale 2 

1. Red-beds 4 

±105 
Section 3 is noticeable in view of the fact that the entire 
section is fossiliferous. From the line of unconformity above 
No. 2, the plants are found in greater or less abundance all 
the way through the Cheyenne. The middle part of No. 5 
alone presents the appearance of Corral sandstone and even 
here the pebbles which are usually indicative of this horizon 
are wanting. 

Section 4. Three-quarters of a mile northwest of Belvidere ; one- 
half mile northeast of Osage rock. 

Feet 

6. Kiowa ±50 

5. Champion i 

4, Black, sleek clay shales 10 

3, Sandy, dark brown shales with leaves and carbonaceous 

material 10 

2. Massive sandstone containing pebbles, partly covered 30 

I. Red-beds ±.So 

±151 
In Section 4 the black shales are at the top of the Cheyenne 
and the leaf-bearing sandstone beneath. 
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Section 5. This section was taken along the east branch of Wild 

Cat ( Champion) draw beginning one-half mile south of 

Belvidere and running up the draw nearly a 

quarter of a mile southeast. 

Feet 

12. Kiowa shales well developed to top of hill ±125 

1 1. Champion shell bed i 

10. Sandy shale, with plants 9 

9. Soft sandstone with bands of shale and carbonaceous 

material 10 

8. Sandy shale with much lignite and plant matter 12 

7. Usually soft, yellow, cross-bedded sandstone with lignite in 
masses of shale. On the west bank near the top of the 
bluff is a hard ledge containing the best dicotyledenous 

leaves found in the Belvidere region 20 

6. Yellow or brown sandy shale with streaks of lignite, much 

cross-bedded , grading into No. 7 6 

5. Soft variegated sandstone, shaly in part, with plants and 

sandstone concretions 10 

4. Yellow sandy shale with bands of black lignite and plant 
remains; distinctly stratified in all parts and often cross- 
bedded 8 

3. Variegated, coarse, false bedded or massive sandstone with 
many pebbles and ferruginous concretions; containing 
several lenticular masses two feet thick of dark blue 
laminated clay, barren of fossils, upper part grades into 

No. 4 20 

2. Yellowish gray shale 3 

I. Red-beds, from the river bed ±5^ 

Wild Cat or Champion draw at this point is cutting its way 
through this soft sandstone. The section was taken for the 
most part on the west bank. The stream flows to the north 
and the strata tilt at an angle of fifteen to thirty degrees to the 
south ; so the total thickness of the Cheyenne would not exceed 
forty feet. It was at this point that professor Prosser made his 
section and assigned to the Cheyenne the thickness of forty 
feet.* I quote from professor Prosser's description : "Cheyenne 
sandstone, upper part yellowish to ash color ; coarse grained, 
containing pebbles and very irregularly bedded. Generally 
brownish yellow to gray tints, also white ironstone, etc." 

Professor Prosser's section is vertical while mine attempts 
to give the superposition of the beds as they occur. A very 

♦Loc. cit., p. 128. 
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good photograph taken one hundred yards east of the base of 
my section by professor Prosser very graphically illustrates 
the cross-bedding of the sandstone.* 

A study of these sections would seem to indicate that the 
division of the upper part of the Cheyenne into distinct 
horizons is not possible. The Corral may usually be differ- 
entiated from the overlying rocks, but in many places even 
this can not be done. If. any additional name is needed it 
would be better to use professor Cragin's, Elk-Creek beds.t 

The Cheyenne as a whole is a clearly defined geological 
unit being nearly as sharply set off from the superjacent Kiowa 
as from the subjacent Red-beds. 

2. Fossils. 
The first fossils found in the Cheyenne sandstone were 
silicified logs discovered by professor Cragin and mentioned 
by him in iSgo.t In 1893 he discovered near Belvidere foliage 
of Glyptostrobus gracillimus.§ As stated above, professor Hill 
in 1894 discovered an abundant dicotyledenous flora near the 
Black hill. The plants which were for the most part poorly 
preserved came from the upper part of the Elk-creek beds and 
were found in a soft, yellowish-gray sandstone. They were 
identified by Dr. F. H. Knowlton of the Smithsonian Insti- 
tution as follows : 

Rhus uddeni Lx. 
Sterculia snowii Lx. 
Sassafras mudgei Lx. 
Sassafras cretaceum Lx. 
Sassafras, sp. nov. 
Glyptostrobus gracillimus Lx. 
Sequoia, sp. 

The collections of Dr. Lester F. Ward in, 1896 and 1897 
have not yet been studied. The material comprises about fifty 
boxes containing numerous species of dicotyledons as well as 
ferns, conifers, etc. Concerning the collection Dr. Ward wrote 
me, February 6, 1899, "* * * I have never seen a speci- 
men of the Cheyenne sandstone collections since they were 

♦Loc. cit., plate XVII, op. p. 136. 

tLoc. cit., p. 366. 

JBul. W. Col. Lab. Nat. Hist., vol. II, p. 71, 1890. 

§American Geologist, vol. XVI, p. 263, 1895. 
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boxed in the field. * * * When I shall get to work study- 
ing them I cannot say, though it will probably be within six 
or eight months. * * * i regard them in a general way 
similar to the flora of the Amboy clays but it would not do to 
be too specific in such statements. It only means that they are 
mostly dicotyledons of similar types and appear to represent 
alx>ut the same geological horizon. The genera and species 
will probably differ widely and yet I expect many of them, 
especially the genera, to be the same. Exactly the same remark 
would apply to the Tuscaloosa formation of the south." Or. 
Ward's report of the leaves will be awaited with much interest 
by the geological world. 

The leaves were collected in dozens of different places in all 
directions from Belvidere. A list of the most prolific localities 
is given for the benefit of future collectors: 

Osage rock. 

Mouth of Bull draw two and one-half miles northwest of Belvidere. 

Onc mile west of the mouth of Thompson creek. 

Both sides of middle Wild Cat (Champion) draw one-half to three- 
fourths of a mile south of Belvidere. 

One hundred to three hundred yards north and south of the Natural 
Corral fi\t miles southeast of Belvidere. 

In first draw west of Soldier creek, one mile northwest of the rail- 
road bridge. 

So far as known no animal fossils have been found in the 
Cheyenne sandstone. 

c. The Kiowa Shales, 
I. Stratigraphy. 

The Kiowa shales rest conformably on the Cheyenne but 
differ from it radically both stratigraphically and paleontologi- 
cally. The deposits are marine and the fossils are, with few 
exceptions, marine also. The formation in the Belvidere 
locality is about one hundred and fifty feet thick. 

The lower member, the Champion shell-bed, between the 
Kiowa proper and the Cheyenne is so distinct as to warrant 
formation rank by professor Cragin.* Professor Prosser, 
however, considers it the lower member of the Kiowa .t The 

American Journal Science, 3d series, vol. XLIX, p. 473, 1895. 
♦Loc. cit., p. 363. 
fLoc. cit-, p. 1 14. 
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Champion shell-bed consists of a layer of grayish limestone 
containing a characteristic invertebrate fauna. It is usually 
quite hard and often forms conspicuous floors, but is in places 
only a matrix of sandy clay in which the fossils havQ been 
decomposed by the impregnation of iron and gypsum. The 
thickness of the Champion probably nowhere exceeds two feet 
and is usually from six inches to one foot thick. 

The Kiowa shales proper rest comformably on the Cham- 
pion shell-bed. The Kiowa consfsts of more than one hun- 
dred and twenty-five feet of bluish-black to gray, papyraceous 
shales becoming more arenaceous above. Interspersed 
throughout the formation are layers of hard gray limestone, 
soft sandstone and pebbles. The entire thickness contains 
much gypsum usually in the form of selenite. The forma- 
tion is fossiliferous throughout. The shales have been sub- 
divided by professor Cragin into tlie Fullington shales and 
the Tucumcari shales. 

2, Fossils. 

According to professor Cragin there arc seventy-eight spe- 
cies of vertebrates and invertebrates so far described from the 
Kiowa. Thirty-six species of invertebrates occur in the Cham- 
pion, of which fourteen species are known to exist in this shell- 
bed alone, while twenty-two are found in the Kiowa proper. 
Fifty-one species of invertebrates are found in the Kiowa. 
Complete lists of these fossils are found in professor Cragin*s 
paper.* 

Besides the invertebrates the following vertebrates have 
been found in either the Belvidere or Clark county localities: 

Lamna sp. (Like L. occidentalis Leidy.) 
Lamna (?) quinquelateralis Crag. 
Hybodus clarkensis Crag. 
• Caelodus brownii Cope. 
Mesodon (?) abrasus Crag. 
Uranoplosus arctatus Cope. 
Uranoplosus flectidens Cope, 
Tcleost (Like Protheus.) 
Plesiosaurus mudgei Crag. 
Cimiollosaurus sp. nov. Willist. 
Turtle (Size of Protosteya). 



♦American Geologist, vol. XVI, pp. 369-373, 1^95. 
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Plesiocbelys belviderensis Crag. 
Hyposaurus (?) sp. 
Plesiotaunu gouldii Willist.'*' 

In September, 1897, while in the employ of the Kansas 
University under Dr. S. W. Williston the writer found a few 
imperfect insect remains in the lower part of the Kiowa near 
the natural Corral not more than a foot above the Champion 
shell-bed. They were sent to Dr. Williston, who forwarded 
them to Dr. Samuel H. Scudder of Harvard University. Dr. 
Scudder indentified them as insects, but stated that they were 
too poor for specific identification. So far as known these are 
the first insects found in the Kansas Cretaceous. 

d, Tramition Beds and Dakota Sandstone. 
I. Stratigraphy. 

Above the Kiowa the rocks grade upward through a series 
of transition beds into the leaf-bearing Dakota sandstone. The 
presence of Dakota-like boulders on several hills in the vicinity 
of Belvidere has been noticed by nearly every geologist who 
has worked in the vicinity especially by professors Cragin,f 
Hi II J and Prosser,§ but the relation of these to the Kiowa was 
first worked out in the fall of 1897 by Dr. Ward and the writer. 
As a result of careful measurements and by the advice of Dr. 
Ward the paper referred to above was prepared. || 

In this paper the term Medicine beds was applied to the 
series and it was divided on purely stratigraphical grounds into 
four divisions, as follows: 

III. Dakota Group. 

7. Dakota leaf-bearing sandstone. 
II. Medicine Beds. 

6. Reeder Sandstone. 
5. Kirby clays. 
4. Greenleaf sandstone. 
3. Spring Creek clays. 

Ibid., p. 373. 

♦Kansas University Quarterly, vol. VI, No. i, p. 57, 1897. 

tBul. W. Col. Lab. Nat. Hist., vol. II, p. 74, 1890. Ibid., p. 77. 

American Geologist, vol. XVI, 383, 1895. Ibid., p. 382. 

JAmerican Journal Science, vol. I, p. 210, 1895. 

§Loc. cit., p. 118. 

IIAmerican Journal Science, vol. V, pp. 169-175, 1898. 
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I. Comanche series. 
2. Kiowa shales. 
I. Cheyenne sandstone. 

The Spring Creek clays rest on the Kiowa and consist of 
whitish to yellowish clays with many ironstone concretions. 
The thickness is sometimes forty to fifty feet. They are now 
known to contain fossils. 

The Greenleaf sandstone is fifty to sixty feet thick and 
is composed of gray, brown or yellow, rather hard and some- 
what cross-bedded sandstone with bands and pockets of clay 
ironstone. It contains invertebrates and shark's teeth. 

The Kirby clays rest on the Greenleaf and include a series 
of twenty to thirty feet of variable whitish to yellowish clays 
containing some layers of sandstone. 

The term Reeder sandstone was first used by professor 
Cragin.* As used in my paper the term included the dark 
brown sandstone, usually concretionary, below the true leaf- 
bearing Dakota. Leaves have since been found in the Reeder 
and the term becomes synonymous with Dakota. 

The entire series is characterized by pockets and bands of 
dark brown or black ironstone concretions breaking with a 
conchoidal fracture. The broken fragments cover the slopes 
and often render them conspicuously brown for miles. The 
principal outcrops in the locality are on the head-waters of the 
Medicine river on Greenleaf and Fullington ranches, some 
ten miles west of Belvidere. Dr. T. W. Stanton first found 
Kiowa fossils in the Spring Creek and Greenleaf and as the 
Reeder has proven to be the same as the Dakota it would seem 
unnecessary to retain formation rank for the beds. That they 
are however a series of transition beds will scarcely be denied. 

2. Fossils. 

Dr. Stanton kindly sent me a list of the fossils found on the 
Medicine river above the formation hitherto considered as 
Kiowa. I quote the following lists from his letter of the date 
of February 17, 1899. 

"Fossils from the Spring Creek beds, from the hill south of 
the forks of the Medicine river, seven miles west of Belvidere. 

♦American Geologist, vol. XVI, p. 381, 1895. 
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Kansas. Ferruginous sandy concretions yielded the follow- 
ing: 

Gryphsea cornigata Say. 
Ostrca quadriplicata Shumard (?). 
Plicatula, sp. 
Protocardia, sp. 

Sandstone band and ferruginous concretions in upper part, 
on Spring Creek clays at Greenleaf's ranch: 

Lingula, sp. 

Gryphaea cornigata Say. 

Cyprimeria texana, var. Kiowana Crag. 

Cardium (?). 

Tellina (?). 

Nucula or Lida. 

Mactra, sp. 

Corbula, sp. 

Pholodomya sancti-sabae (Roemer)? Same as Kiowa form. 

Sharks* teeth and fish scales. 

The most of these shells are imperfect casts in friable sand- 
stone that does not preserve surface features and while I be- 
lieve that all are Kiowa forms they cannot be positively identi- 
fied except in the cases indicated. 

Fossils from the Greenleaf sandstone, Greenleaf's ranch, 
ten miles west of Belvidere. 

Lingula, sp. 

Pholodomya sancti-sabae (Roemer)? 

Cyprimeria texana, var. Kiowa Crag. (?). 

Turitella, sp. 

Numerous teeth of sharks, etc." 

II. The Clark County Locality. 

a. Description and History, 

The Cretaceous of Clark county outcrops on the slopes of 
hills on RlufT, lU-ar, .Sand an<l KI^ct creeks and their tribu- 
taries. It is evorywluTf tnnlrrlaid by the Red-beds and capped 
by the Tertiary. The yvt\\iiy^\>^\>y who have worked in the 
region so far as known aM' l>r WiHislot), Dr, Haworth, Prof. 
Cragin, Prof. Prosser, M». Jobn^MM, I )r Ward and Dr. Stan- 
ton. The same gcnral f<aliu<s ah (hos*- of the Belvidere 
locality are observable with lh«- « xrpiion thai the C^heyenne 
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is totally wanting. The thickness of both the Kiowa and the 
Dakota is greater than in the Belvidere locality. 

b. The Kiozva Shales. 

I . Stratigraphy. 

No attempt has been made to subdivide the Kiowa. For 
general sections of the formation the reader is referred to the 
reports of professor Cragin*and professor Prosser.f The fol- 
lowing section, here given for the first time, was made in 
August, 1897, on Cat creek, two miles north of Messing's ranch 
and fifteen miles north of Ashland. It may be taken as a 
typical Clark, county section with the exception that the upper 
part is rather more arenaceous than usual. 

Feet 

13. Tertiary to top of hill ±50 

12. Sandy shale : 20 

II. Sandy shale with Gryphaea and other invertebrates i 

10. Thinly laminated shaly sandstone, barren of fossils 2 

9. Black to yellow fossiliferous sandy shale 18 

8. Hard conglomeratic sandstone with many, fossils 2 

7. Yellowish gray sandstone slightly fossiliferous 10 

6. Black shales, typical papyraceous Kiowa, somewhat fossil- 
iferous * 35 

5. Yellowish to brownish soft sandstone 2 

4. Black shales with yellow sandy streak above 10 

3. Very hard gray limestone containing great numbers of 

Kiowa fossils ^-i 

2. Black paper shales 6 

I. Red-beds ±25 

+182 
The noticeable features of this section are numbers 3 and 
5, also the relatively large proportion of sandy material near 
the top. No. 3 is found in numerous places in Clark county, 
especially along Bluff creek. It is evidently the ledge men- 
tioned by professor Prosser in his discussion of the region,;}; 
but his conclusions that the lower part of the section repre- 
sents the Cheyenne do not seem to the writer to be tenable. 
The entire Clark county locality exhibits much more of 

*Bul. W. Col. Lab. Nat. Hist., vol. II, pp. 77-79, iSgo. 
tUni. Geol. Survey of Kansas, vol. II, pp. 149-174, 1897. 
JLoc. ch., pp. 153-154- 
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^W44M>/fM' and nandy shale than is seen at Belviderc. The 
j//i'i«4 o- i' i,\ ^y(>»»um ig also more noticeable. In the lower part 
*jk \\u iufWiniMiW (lianiond shaped crystals of selenite predomi- 
u'^Uf. '\S\t'i!^ s\ix^ from one-half inch to more than a foot in 
UiJi/ili. 'I /man! the upper part of the formation the selenite 
it i*^^A^Ai\ |;y ron<*-in-conc gypsum which lies in ledges several 

2. Fossils. 

'thi' fofcfcilt, of the Clark county locality do not differ ma- 
i<n4Hy irom ilumt ai Hdvidere. For a list of the same the 
i^a^^r ji> rt'i^rrvA to page 23. 

/ . ////' Mtdhine Ikds and Dakota Sandstone, 
I, Stratigraphy. 

'I h*' Kii^wa in thin locality, in its upper part, grades throug^h 
«])<- M«'JJonti \wi\% into the overlying Dakota. The divisions 
t4 S(/ring < ft «'k, (iftHMilcaf and Kirby are not so well marked 
Hi> ou iIm' M<*ditiiu* river, nevertheless they are observed in 
uiiiuy |o<*aliti<'*.* The Dakota lies in a line extending north- 
i 4^i ii\u\ boiithwrht across the heads of numerous ravines and 
iiii'U^ Uam U*\\ to fifteen miles northwest of Ashland, the 
« niuMy :*«-al of ( lark county. Beginning near Messing's ranch, 
nwii ro|>ji niay be hc*c on the slopes of Hackberry, East Bear. 
VV«fet I'car, ( batman, Sand and Kiger creeks. The most 
s^*'^\t\u t-xpohurcs were found in the walls of the Little Basi*i 
i\^\\Ui\\ niilcH northwest of Ashland at a point only a few 
hundred yards from the most western exposures of the Kiowa. 
Dicotylcdenous leaves have been found in all the above men- 
tioned localities. 

1'he culmination of the Dakota of the locality is in the 
('heyenne canyon near the head of West Bear creek, twelve 
tnilcs northwest of Ashland and six miles northwest of the old 
flare's ranch. The locality has been referred to by professor 
Oagin who assigned to the Dakota rocks a thickness of forty 
feetf , and by Prof. Prosser who measured seventy-five feet J 

♦American Journal Science, vol. V, pp. 172-173, 1898, sections IV 
and V. 

tLoc. cit., p. yy. 
JLoc. cit., pp. 162-164. 
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The following section was made on Cheyenne canyon : 

Feet 

8. Tertiary to top of hill ±25 

7. Dark brown to black ferruginous sandstone with numerous 

dicotyledenous leaves 6 

6. Whitish to yellowish clays with beds of shale, iron concre- 
tions and sandstone 55 

5. Sandstone like No. 3 with bands and concretions of clay 
ironstone containing leaves, shark's teeth and fish ver- 
tebrae 15 

4. White to yellow clays with bands and lenticular masses of 

sandstone 30 

3. Massive gray to brown sandstone, slightly cross-bedded 5 

2. Whitish clays with ferruginous bands of sandstone two inches 
to one foot thick, and occasional lenticular masses of sand- 
stone containing leaves, fossil wood and lignite 25 

I . Typical Kiowa with Gryphaea, etc 8 

169 
The entire section, except No. 7, is characterized by the 
presence of bands, concretions and pockets of clay ironstone 
which break with a conchoidal fracture and cover the slopes. 
Dicotyledenous leaves were found in all parts of the section 
above No. i, becoming more abundant toward the top. It was 
from the ledge corresponding to No. 7 that the leaves men- 
tioned in the paper, "On a Series of Transition Beds, etc.,'* 
were found.* The Chatman creek locality where Dr. Ward 
and the writer first found fossil leaves in October, 1897, is not 
to exceed one mile west of Cheyenne canyon. 

2. Fossils. 

The first discovery of fossil leaves in the Dakota of the 
region was made by professor Cragin. In his Upper West 
Bear creek section he mentions a ledge of forty feet of "Dark 
brown to yellowish Dakota sandstone containing meager frag- 
ments of dicotyledenous leaves."t No descriptions were made 
however. On October 3, 1897 Dr. Ward and the writer col- 
lected over one hundred specimens of leaves on Chatman 
creek. Dr. Ward identified the following species: J 

*Loc. cit., p. 175 

tBuI. W. Col. Lab. Nat. Hist., vol. II, p. ^^ . 1890. 

^American Journal Science, vol. V, p. 175. 
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Proteoides daphnogenoides Heer. 
Embrothrites daphneoides Lx. 
Lauras Plutonia Heer. 
Eucalyptus geinitzi Heer. 
Eucalyptus, sp. 
Eucalyptus gouldii, n. sp.'^ 

During the summer of 1898 much larger collections w^ere 
made. The leaves have not yet been identified specifically but 
in addition to the names given above the following genera 
seem to be represented: Sterculia, Populus, Betulites, Quer- 
cus, Ficus, Salix, etc. 

C. The Mentob-Marquette Region. 

I. The Mentor Bed. 

a. History and Descriptimi, 

The two localities in central Kansas in which Lower 
Cretaceous rocks are exposed are connected; still, like the area 
in southwestern Kansas, they may be separated on lithological 
grounds. 

Mentor, the village from which the beds are named is 
situated six miles south of Salina, the county seat of Saline 
county ; and Marquette is twenty miles southwest of Mentor in 
the northwestern part of McPherson county. Both towns are 
on the Smoky Hill river. From Belvidere to Marquette, as 
the crow flies, is one hundred miles, and from Ashland to 
.Salina one hundred and fifty miles. The intervening country- 
including the counties of Ford, Kiowa, Pratt, Stafford, Reno. 
Edwards, Pawnee, I'arton and Rice is covered with the Tertiary 
and the Pleistocene. Wells over this region reach water, which 
is known locally a** Hlicrt water, near the base of the Tertiary 
at a depth of from t\v4-fity to ono hundred and fifty feet. This 
represents .ipproxiniiitcly tlir drpth of the strata which covers 
the Cretaceous. 

A line of bitiff- ;i f<w niilis back from the Arkansas river 
is com[)ose(l of Dakota *.;nidsione often ctintaining leaves. Be- 
tween Dod^'c ('it> and <ir«at liind, a distance of eighty miles, 
in only three instant ^-^ d'^ tin ■<■ bliilts approach the river, viz : 
near Ford City, at I.anhd and at Pawner Uock. At the last 
two localities fo'-sjj baves w«i« found 

♦Described in H'lH' nn 1 om y HmIhihi .il ( lull. vnl. XXIV. pp. 576- 
577» 1897- 
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The presence of fossil marine invertebrates in the post- 
Permian rocks of central Kansas has been known for more than 
thirty years. In 1867 Dr. John L. Leconte found fossils west 
of Salina a quarter of a mile south of the point where the 
Union Pacific railroad crosses Spring creek.* This is near the 
present town of Bavaria, some ten miles west of Salina. Pro- 
fessor B. F. Mudge, the father of Kansas geology, read a paper 
at the fourth annual meeting of the Kansas Academy of 
Science, October 1871, in which he discussed the age of the 
sandstone and described the finding of fossil shells as follows : 
*'Three years ago" (in 1869) "passing from Salina to Harker, 
when near what is now the town of Bavaria, we picked up in 
the road some marine fossils. Tracing the specimens to the 
top of an adjoining hill we found a few acres covered with a 
stratum not over two feet in thickness rich in small shells. We 
sent a box to professor Meek of the Smithsonian Institution 
for critical examination, who found twelve species new to 
science, a full description of which can be seen in Hayden*s 
recent report of the U. S. Geological Survey of Wyoming and 
adjacent territory, pages 297-313." Then follow the names of 
the twelve fossils. "These shells are in the same strata and in 
the vicinity of several deposits of dicotyledenous leaves and 
with the plants identify this portion of the sandstone as belong- 
ing to the Dakota group of the Cretaceous as described by. 
Meek and Hayden in their first report." In a foot-note profes- 
sor Mudge says, **Since reading this article before the society 
another locality has been found about four miles from Bavaria. 
They are in good preservation differing very much from the 
first locality, but have not yet been critically examined. "f Pro- 
fessor Mudge afterwards found at least two additional species 
and some other localities containing fossils. 

The discovery of the magnificent leaf-bearing beds at a 
slightly higher horizon seems to have attracted the attention 
of geologists and collectors for the succeeding twenty-five 
years. Professor A. W. Jones of the Kansas Wesleyan Uni- 
versity at Salina rediscovered the shells in the vicinity of Salina 
and Bavaria and invited professor Cragin to examine the 



♦See Prof. Prosser's statement, loc. cit., p. 193. 

t Tr. Kans. Acad. Sci., vol. I, reprint 1896, pp. 38-39. 



1 



i^ The American Geologist. Janaary. won 

\f)i'4\\^^. The* result of the investigation was a paper entitled 
"j h^ Mentor licd«."» 

'\ )u' M**iilor IhmIs are described by professor Cragin as. 
"Vaiu'g^itH, rarthy textured, marine shale with intercalated 
!>Hj> iA brown iandstono resting in part unconformably on the 
AiaSi 'A\\i\ purple* ml laminated shales and impure limestones 
iA \\\v iVrmiau and succeeded above by the more heavily 
i<rtiiai«oU6 Ovhli water sediments of the Dakota. * * * 
Wif)/ wtalhrr into j^tMitle slopes * * * and present few 
4 0li^pii noub outrrnpH." f 

j^of<'b:>or ( raf'in does not give any sections, and, accord- 
iiig Ui profrbttor Jones, did not at the time of writing the paper 
Vwis^ iA any outcrops containing fossils in situ. 

h. Stratigraphy, 

'\\w {>traligraj)hy of the Mentor beds is not easy to work 
out The best ami in fact the only typical exposure in the 
|i>< ality containing Mentor fossils in place, so far as known to 
th** writ* r, ih at a point one hundred yards southwest of the 
irtanury at Hrookville, eighteen miles southwest of Salina. 
Profrfchor Jonrs found Mentor fossils in the bed of Spring 
iXvvV at I he creamery and on September 29, 1898, Dr. T. W. 
St;iMlon dihcovered the fossils in a bank a short distance up 
\\w btreani. They were found in concretion-like masses of 
<lark brown to black sandstone varying from a few inches to 
two or three feet in length. These concretions lie in horizontal 
rowH in a ledge of soft grayish brown sandstone. The concre- 
tiouh weather out and roll down the slopes and form the bould- 
<T»» in which the fossils so far obtained are found. These con- 
cretions vary much in size. At places they are wanting alto- 
gether and again they are so large as to cause the appearance 
of ledges or even to form small escarpments. 

The following section was taken at the creamery at Brook- 
ville. The base is probably not to exceed fifty feet above the 
Permian. 

*American Geologist, vol. XVI, pp. 162-165, 1895. 
tibid., p. 162. 
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Feet 
4. Slope with sandstone and iron concretions to top of hill .... ±20 
3. Shales anrf clays bluish to whitish with ironstone concre- 
tions and bands of soft sandstone, one-fourth foot thick, 

containing imperfect Mentor fossils 35 

2. Soft gray sandstone with concretion-like masses of dark 
brown to black sandstone arranged in horizontal rows, 

containing numerous Mentor fossils 8 

I. Arenaceous paper shales from the creek bed. Shales very like 
the Kiowa, blue to drab with bands of sandstone, grading 
into No. 2 10 



±83 
Mentor fossils are usually found in loose fragments of dark 
brown to reddish sandstone scattered on the slopes of low 
rounded hills over a considerable part of Saline county, or both 
sides of the Smoky Hill river. The type locality or at least 
the one nearest Mentor is four miles east of this village, on 
the east side of the river. Two miles south of this locality is a 
ledge of oyster shells very like those contained in the Kiowa 
of the Belvidere region. Mentor fossils were found a few feet 
above the oyster bed. Five miles north of Salina is an interest- 
ing locality where several species of Unio and other fresh- 
water forms were found. The most numerous localities, how- 
ever, are southwest of Salina in the region between Bavaria and 
the Smoky Hill buttes, on the divide between Spring and Dry 
creeks. A number of localities are mentioned by professor 
Prosser.* Professor A. W. Jones, who has the advantage of 
living in the region, has been mapping the area for some time 
and locating the various places which yield Mentor fossils. 
Professor Jones' report will doubtless add much to our knowl- 
edge of the localities. He states that the Mentor beds are 
found in northern McPherson, Ellsworth, Lincoln, Ottawa and 
Clay counties. \ 

Mr. P. G. Hall who was mentioned by professor Prosser,J 
kindly conducted Dr. Ward, Dr. Stanton and the writer to a 
locality where professor Mudge collected fossils in 1878. Mr. 
Hall, who, at that time was a boy herding cattle on the range, 
remembers the professor as a "kindly old man who was knock- 

*Loc. cit., pp. 184, 185, etc. 

fTr. Kans. Acad. Science, vol. XV, pp. 111-112, 1897. 

JLoc. cit., p. 186. 
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myt, 'AXiA\\M\ with a hammer among the sandstone." The localm 
»« \fr. Mall indicated it is three and one-fourth miles south anc 
on* fotirth niilr west of liavaria on the southeast quarter of 
N^rtfon r6, 1'. 15, K. 4. \V. In a bend along the side of a dn. 
^U('Am is a Irdm' of gray, rather massive sandstone about 
fiffff fi frrt thick with bands and pockets of clay and ironstone 
ronrrrtinn?;. No fossils were found in place but a number 
wf rp ohtainr<l from loose boulders scattered on the surface. 

r. Fossils. 
Wv^Mv^ the invertebrates listed by professor Cragin, con- 
-t«;tif>^ f»f twenty- five species, the following fossils have been 
found in the re^i<»n. The list was courteously furnished me b} 
profe«;<?or Joties who stales that Dr. Stanton identified the 
^pr( imens. 

0«?trpii quadruplicata Shum. 
RotKlaria it) quadrnns Crag. 
Protorarditt salinacnsis Mk. 
Tapes l)rlvidrrcnniH Oan. 
Inr<;alia kan<;a«}rnsis Mk. 
Tiirrit'^lla brlviderrnsis Crag. 

Anfl the following genera, probably representing new 
species : 

Lincaria, Ilomony^, Cymclla, Corbula, Glauconia. 
fyrtriilifcra and Sphcnodiscus. 

II. The Mar(|uctte Locality. 
(I, History and Description. 

The Mentor beds proper, of which the typical locality is 
four miles east of Mentor, probably extend without interrup- 
tion i)ast and around the Smoky Hill buttes to a point near 
the town of Marcjuette, twenty miles southwest. It is four and 
five miles southwest t)f Marrpiette on the south side of the 
Smc)ky Hill river that the Manpiette locality is situated. Di- 
rectly south of Marcjuette the country sloi)es gently for ten 
miles ot more to the McIlHTS(»n rid^^c docribed by Mr. J. \V. 
I>eedc in his paper on the Mc I'herson Iu|uus Beds.* A few 
miles west of this point th^' -«trfanis ri^ini; in the level plains 
of the south have cut tlx'ir vv;iy through the rocks nearly to the 

*Uni. Gcol. Snr. of K.ni^., vol. I J, y\u /f'r; 7//,, rKf^;. 
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level of the Smoky Hill river. Several deep valleys and rocky 
canyons a mile or two in length exhibit ledges of yellow and 
dark brown sandstone which in superficial appearance remind 
one of the Dakota which is so plentiful a few miles northwest. 
The valleys in their lower part are cut down into the Permian 
which is easily distinguishable in the locality. It consits of 
bands of red and yellow shale weathering into escarpments, 
buttes and slopes very like the outcrops near Castleton in Reno 
county or at Caldwell on the Oklahoma line. The horizon of 
the Permian at this point seems to be the upper part of the 
Wellington, while that at Salina is evidently the Marion. 

Professor Cragin in 1889 reported some isolated localities 
of Kiowa shales in western McPherson county.* Soon after 
he published an account of an outcrop and mentions several 
typical fossils among which were Ostrea franklini, Cardium 
kansasense, Turritella marnonchii and others. f Professor J. A. 
Udden found shells west of Lindsborg.+ Mr. J. W. Beede 
in 1897 while collecting material for his paper mentioned 
above, visited the region and found fossils near the Natural 
Corral on the northwest quarter of section five, T. 18, R. 5 W.§ 
A section is given on page 80, Vol. II of the University 
Geological Survey of Kansas showing* 106 feet of alternating 
shales and sandstones. The section below was taken near the 
same place and represents approximately the same horizon. 
Mr. W. N. Logan sent fossils from the Natural Corral. These 
were identified as Mentor fossils.|| 

b. Stratigraphy. 
The localities studied are near the home of Mr. Osborne, 
four and one-half miles southwest of Marquette. The Natural 
Corral is about one mile west of Mr. Osborne's farm. Several 
small sections were taken from which the following generalized 
section is made : 

Feet 

II. Covered slope on hills southwest. Equus beds ±50 

10. Dark brown to black sandstone forming prominent escarp- 
ments, very fossiliferous in a layer one to two feet thick 
in the middle of the ledge 8 

*Bul. W. Col. Lab. Nat. Hist., vol. II, p. 37. 
tibid., p. 80. 

^American Geologist, vol. XVI, p. 165, 1895. 
§ llUni. Geol. Sur. of Kans., vol. II, p. 189, 1897. 
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Soft yrllnwiuli "tindstonc 2 

« Mflf*!. tt»H''i\c. Kray and yellowish sandstone 4 

7 YHIowJoli nml bluish shales 16 

^ Mmhir hrttd yrllowish sandstone 8 

(; Mhncli ((I yrllt»wiHh paper shales very like Kiowa with scl- 
♦•»M|r rtiut (("rttgin's) cone-in-cone gypsum, containing 
lnvt-r« (if ^o(t yellow sandstone with dicotyledenous leaves 40 
\ t wM cfv imh IrdKcs of very fossiliferous limestone separated 

l»r -shflli-fl 3 

t Shnlf«; l)k(* iho Kiowa, with iron pyrites, selenite, and cone- 

Ifi toitp Kvp^um 20 

/ (itm (o yrllnwioh snudstone with much lignite and crushed 
pUht funlrrini in places. Very like Cheyenne. Uncon- 

fiffMirtlili on No. 1 4 

i fVf fiiiflfi ilmlrn, red, blue, green, etc.. from the river bed ±50 

±205 

\*timlM'i i "jrrniH to he a phase of the Cheyenne, and is the 
ofily iiHfninc ontiotMl ontsitlo of the Belvidere locality. It 
M(< tu«5 111 « wwAx nttt about three-fourths of a mile east of 
Mr < )^I^M^l^*H jtotiso. The leaves in Xo. 5 were found near a 
point oil tlir hill above iho wash-out. The rest of the section 
i«» lie^t cxjMxed in the eatiyiMi issuing from the Xatural Corral 
one mile went of Mr. Osborne's, 

Ibe elinraeterH of the matrix of the two fossiliferous ledg^es. 
Xo/jj 4 and 10. are very different. Xo. 4 is a bluish limestone 
of the kind "^o eonnnon at Belvidere and in Clark county and 
differs from anything; seen elsewhere north of the Arkansas 
river, Xo. 10 on the contrary is in color and lithological ap- 
pearatue very like the sandstone boulders which, scattered 
nvei the hills of Saline county, contain the Mentor fossils or 
dieotyledenons leaves. It differs in the fact of forming heavy 
ledges and in this regard iias the general appearance of the 
Dakota. 



r. 



Fossils, 



Fossils from Xo. 4 of the Marquette section Osborne's 
farm, four and one-half miles southwest of Marquette, Kansas. 

^)strca quadruplicata Shumard. 
.\vicula salinaensis (White). 
Trigonarca salinaensis Mk. 
Nucula catherina Crag. 
Protocardia texana Conrod. 
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Cardium kansasense Mk. 

Tellina subscitula Mk. (?) 

Leptostolen conrodi Mk. 

Tapes (?) sp. 

Mactra sp. 

Corbula sp. 

Turritella belviderei Crag. 

Turritella sp. 

Anchura Kiowana Crag. 

Lunatia sp. 

Dentalium sp. 

Trochur (?) sp. 

Ammonite fragments. 

Pholodomya sancti-sabae (Roemer), same as Kiowa form. 

Fossils from No. 10 of the Marquette section, from Natural 
Corral and the mesa west of Osborne's house. 

Ostrea quadruplicata Shumard. 
Avicula salinaensis (White). 
Trigonarca salinaensis Mk. 
Nucula catherina Crag, 
Cardium kansasense Mk. 
Protocardia texana Conrad. (?) 
Tellina subscitula Mk. 
Cyprimeria texana, var. Kiowana Crag. 
Tapes, sp. 
Mactra, sp. 
Corbula, sp. 

Turritella kansasensis Mk. 

Pholodomya sancti-sabae (Roemer), same as the Kiowa form. 
Turritella belviderei Crag. 
Anchura Kiowana Crag. 
Nemodon sp. 
Woedia microdonta Mk 
Trigonia emoryi Conrad. 
Roudaria quadrans Crag. 
Cytherea sp. 

Archopogilla mactoroides Mk. (?) 
Telina sp. 

There is also a large undetermined bivalve related to 
Crassotella. The same form was collected at Brookville.* 

♦For the identification of these fossils I am indebted to Dr. Stanton. 
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III. The Dakota Sandstone. 

a. History tuui Description. 

l'< w n»*nli»^ical fonuations are better known by their fossils 
\\\M\ llif haluita sanilstonc. The wealth of perfect dicotyledons 
>Jh' h II hiiH vioMiHl has niade the name familiar wherever 
4'» **\u^\S »•» ^iltuhiMl. The material is for the most part well pre- 
5* I /m1 iiimI lilt- matrix easy to work out. A number of persons 
liMv* III v*nMMi*» times nuidc collections in this region. TTie 
1^// MM n, hnwcvn. who have done more than any others are 
1 11/ It:* I'. I' Wrnt, (urnuTly of the University of Kansas, and 
VIi < h/ulrn MrnibcijLi. The "Nestor of American palaeo- 
|;/,hihj.:U." \xs.\ Lcstmorcnx, has identified more species than 
»ii»v "'Im I I Ml null, Mlthcm^h nuich valuable work lias been done 
(*/ hi j S NivvbriTy. Dr. l-ostcr F. Ward, Dr. F. H. Knowi- 
(oii MMd niht'i'*. The laiKi'St collections are in the United States 
.'wilinh.il Mu't'um at \\'ashin|»ton and in the museum of the 
I ;ih .t', J.i.ilc lluivrisit>, It is not the province of this paper 
lo di • iiM, Ihr DaKula farther than to speak briefly of its rela- 
IP '11 i»» Ihr subjacent ( unnuanohc, and to name some localities 
vM Idm^ I )aKnia leaves 

Ik Sfnitii^rirf>/iy. 

The Dakota saiuNtniic in the Mentor-Marquette region 
rests t (>nl<>iinal)l\ o\\ tlie Mentor beds. It consists of alter- 
nating; layer.s of reildish or bri)wn siuulstone and arenaceous 
or ai^;illaee()iis shales. The [K>int of separation of the Mentor 
and I )ak<)ta has iK)t been sharply defined. On purely lithologi- 
eal ^nonnds the sandstone at the top of the Marquette section 
is typical Dakota but the fossils, which there occur in greater 
abundance than in any other locality known, belong to the 
Mentor. The lower part of the Dakota consists chiefly of 
yellowish, wliitisli and bluish shales with some layers of rather 
soft sandstone. The first layer which is known to contain 
leaves in any considerable quantity is the massive ledge which 
caps the Smoky Hill buttes and Soldier Cap mound in Saline 
county, although leaves occur more than lOO feet below this. 
Above the level of this ledge, which forms the escarpments on 
the hills west of Brookville, sandstones predominate. The 
ledges vary much in thickness. One on Mulberry creek, some 
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ten miles northwest of Brookville measures sixty-five feet. 
Usually, however, they are not to exceed fifteen or twenty feet 
thick. Mr. Logan distinguishes two groups, the lower and the 
upper.* The upper group consists of a lignite horizon and a 
salt marsh horizon. This group was not noticed by the writer 
in the region. The following section taken at the mouth of 
Allum creek ten miles southeast of Kanapolis illustrates the 
stratigraphy of the lower part of the lower group. 

Feet 
5- Clay shales, yellowish, with coarse, dark brown ferruginous 

sandstone 15 

4. Massive, cross-bedded and concretionary sandstone, gray, 

brown and yellow with ferruginous bands and pockets 

forming a perpendicular bluff 36 

3. Shales, yellowish and bluish, with sandy layers, containing 

traces of lignite and selenite 12 

2. Brown cross-bedded sandstone 10 

I. Slope from Smoky Hill river 10 

83 
This section is below the horizon which usually produces 
many fossil leaves, but it is the opinion of the writer that it is 
in the region in which this section was taken, viz: along the 
banks of the Smoky Hill and its tributaries, between Marquette 
and Kanapolis, that the true relations of the Comanche to the 
Dakota will eventually be worked out. 

c. Fossils. 
During the summer of 1898 leaves were collected in numer- 
ous localities in Ellsworth and Saline counties. The best 
localities found are in the eastern part of Ellsworth county, 
four to five miles west of Brookville and from one to three 
miles north and northeast of Terra Cotta. One locality es- 
pecially, in the southwest and northwest quarters of section 2, 
T. 5 S. R. 6 W., yielded large quantities of very perfect leaves 
enclosed in nodular concretions. The locality is nearly a mile 
long and about two hundred yards wide, on the top of a hill. 
This is the concretion bed from which Charles Sternberg has 
obtained so many fossils. Other good localities were some 
three miles northeast of the one mentioned on the southeast 

*Uni. Geol. Sur. of Kans., II, pp. 207-212, 1897. 
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quarter of section 26, T. 14 S., R. 6 W. The leaves collected 
are now being identified in the museum of Southwest Kansas 
College, preparatory to being placed in the U. S. National 
Museum. 

Concerning the fossils of the Dakota group in general, suf- 
fice it here to say that in the last report of professor Les- 
qucrcux, published since his death by Dr. Knowlton, he states 
that the Dakota has yielded 460 species of plants of which 429 
are dicotyledons.* Several have been added since that time 
and doubtless farther research will reveal additional species. 

Conclusion. 

The relation of the Comanche to the Dakota is still a 
mooted quested. The Dakota consisting of several hundred 
fttct of leaf-bearing sandstone and shale containing a flora so 
1 haracteristic can scarcely be denied a place among the 
Cn'taccous groups even if it had not been recognized by 
|/«^olr)f^ists for over forty years. It is a case where priority must 
ob»;.in. On the other hand Comanche fossils are known to 
* xi^nd many feet into the sandstones which were once con- 
ft^'I'Md Dakota, and even above horizons yielding typical 
/ tA-'Aii liMvc's. As stated above, the best bed of Mentor fossils 
}'fHh'\ in the Marquette region — is in a dark brown hard 
iuft(U\n\w which if judged from its lithological appearance 
vf///.i u t t^rUi\n\y Dakota and is fifty ft. above the first stratum 
, f,/,^rti in contain dicotyledons. That this region represents a 
,/,^ .,-,»/ //( ciliifting sediments and changing elevations of sea- 
},.,ftntti ic r>»r*-mely probable; neither is it improbable that 
f fffffftff If' (/»c;5iU extend far into the Dakota or even into the 
('/ ,,i/,r, '( }f$ ftiibjrct is one that calls for careful research. It 
I- ht Uf }tni,f '] tli;«t the studies which Dr. Stanton is making 
ni n,t tti ft th l/f.ifr:t rollccted in 1898 will assist in the solution 
•// i\it \(fn\t\* ffi I hr opinion of the writer is that by the law 
"I I'MOHf / tir' li/ift^ of thf Dakota will eventually be recognized 
• I iIm lovMf '.UnUtm ;ibove the Cheyenne yielding typical 
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A NEW LOWER CAMBRIAN FAUNA FROM 
EASTERN MASSACHUSETTS. 

By Hbnbt T. Rdrb, Cambridge, Mass. 

There is, at North Weymouth, Massachusetts, an area of 
red slates and impure limestones, which have been generally re- 
garded as of Cambrian age. The assignment of these rocks to 
the Cambrian has been based largely upon lithological and 
structural evidence. The country round about is deeply 
covered with drift so that rock exposures ^re relatively few. 
For this reason the structural relations of the Weymouth beds 
to sediments of known age are not clear. The nearest sedi- 
mentary rocks, however, are the Middle Cambrian slates of 
Hay word's creek and Wyman*s hill (map localities, 2). 

On the south the red slate series is in contact with granitic 
rocks. According to Crosby* these granites are intrusive into 
the slates. As the granites of the vicinity of Boston are not 
known to be intrusive into rocks of age later than Cambrian, 
this, in itself, is a strong indication that these beds are of that 
age. 

The red, sandy slates of this area are much like the red 
slates of Lower Cambrian age in the vicinity of North Attle- 
boro,f both in lithological character, and in the extent to 
which they have been affected by secondary alteration. The 
limestone beds resemble portions of the Lower Cambrian lime- 
stone at Nahant. The series, as a whole, is quite unlike any- 
thing in the rocks of supposed Carboniferous age, which lie to 
the north. Thus the Cambrian age of the beds is supported 
by lithological evidence. 

Various observers J have found traces of organic remains, 

Note: —Mr. A. W. Grabau is preparing a paper in which he intends 
to bring together all that is known concerning tne Cambrian rocks of 
eastern Massachussetts. It seemed desirable to publish the results set 
forth in this paper before the appearance of the general treatise. For 
this reason it has been impossible to prepare illustrations. The material 
collected will, however, be fully illustrated in Mr. Grabau's paper, which 
is to form part of a volume published as one of the "Occasional Papers" 
of the Boston Society of Natural History. 

♦Crosby, W. O., MSS. 

tShaler and Foerste. Bull. Mue. Comp. Zool., Harvard College, vol. 
16, pp. 36-37, pi. II, fig. 12. 

JFoerste, Aug. F. Bos. Soc. Nat. Hist. Proc, vol. 24, i88q, pp. 261- 
263, 
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however, to call attention to the region as probably contain- 
ing fossiliferous rocks of Cambrian age. 

In the latter part of November the writer again visited the 
locality. Again the ledges yielded nothing. A fragment, 
however, was found, which bore a small but clearly recog- 
nizable pygidium of the genus Microdiscus. A few days later 
a careful search was made, following the clue yielded by the 
character of the material in which the Microdiscus was found. 
This resulted in the discovery of the fossiliferous beds. These 
beds occur in the darker and sandier portions of the slate. So 
far as is known they are limited to a single outcrop, (map, i), 
having a total length along the strike of some thirty feet. 
Since the discovery, the locality has been worked with some 
care, and a considerable amount of material ha& been col- 
lected. Up to the present time ten species have been iden- 
tified, all of them typical Lower Cambrian forms. 

The fauna includes the following species: 

Olenellut (Holmia) brtfggeri Walcott. 

Olenellus broggeri Walcott, 1888. "Nature'* vol. 38, p. 551, 1888. 

This species is represented by one large head, a consider- 
able number of genal spines, many fragments of pleurae, sev- 
eral portions of the dorsal spine, the hypostomae of three in- 
dividuals, and portions of the doublures of five. A very per- 
fect small head is believed to be that of a young individual of 
this species. 

The large head is not complete, but is sufficiently perfect 
to show the characters of the form. The medial portion, in- 
cluding the glabella and the right eyelobe, is complete to the 
frontal margin. The position of the left eyelobe is barely in- 
dicated. The lateral cheeks are lacking on both sides. The 
glabella has the form peculiar to this type. It is broadest 
just behind the anterior termination of the eyelobes, and nar- 
rows rapidly nearly to a point in front. It has a maximum 
width of 16 m m. The estimated width of the whole head 
is 80 m m., while its length is 50 m m. 

The small head is, in general, much like that figured by 
Walcott, (loth Ann. Rep. U. S. G. S. PI. xcii, fig. 19) but 
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',';": ; >.-• rrae ar: : :hc :r2.-r*tr:? •.: th-e -iiuV.ure arc 
:'.*"'', •', 'hii f.rrr. fr .t. t'-.-rtr C'^'^'^'^ res^^rr/r'ance to these 
' ;/ 't*\ ',. V/i' ,rt ; ■?. ::t. r'. x:::. f.c>. :e ar.i i:\* and be- 
':<.': *f.". ^x'*jr :r a — >r:a': r. 'A::h r{ 'm:a fraj^^ments. In 
'^ ';i '- r;;'- a hj.p-.-t^rr.a Ven :' '^ri a::achr.i to cr even 
'•'''*'. f ^ -^.'i;j*''I V i'h a ^!- u^I-re. The h>T- st'imae appear 
', ,;*/'- */'>,'.'/' ^ t'. ra'.h^rr liir;:e ir::-.-: iiia'.s. The smallest, 
.;,,',; ;j'-'. v.'- rr ^-t j^.-rfect. has a Itrn^th *. f i6 m m. The 
' '!*., '/f ♦!'.' "TTa' c^r.vex p* rt: n :> ii n: n^.. and the total 
.'/;, ;»;/;/' ;irH ♦s V: 15 m m. 
'IK' f,,::jr;v ir'Aurr.^rr^ cf -pir.c<i and pleurae appear to be- 
'',»;/ ;"r.*T;i;;y to ti.i* '•p'-rjes. The spines are cmamented 
' .•;, *lf r;jr''' fr*'*work characteristic of the genus Ollenellus. 
y,it.f f,i *}}'■ iTHinucn*^ have evidently been derived from in- 
'\i/u\iiu]', of ]nT*/i: size. r;ne genal spine in particular has a 
uu/iiniiUi (\):ii\i('*f'r of 17 m m. ^Compare Walcott, loc. cit, 
1') /f II, fijv /fj It is true, however, that a portion of this 
^/I'lili )•■ diu' to ( ornprc'-sion. 

''vm;iI frajMiiMits arc believed to represent the dorsal 
■ pii" of tin;, fruin, One of ihe^e has escaped compression 
jiid ;ipp'';ir'. in xonicliin^ like its true relation to a fragment 
nf ilir 0/ ( ipii;d rni;j \vlii( li lias remained attached to its base. 
1 Inn spin*" i . 4 ni ni, in rliameter at the base and 3 m m. at its 
Inol'in end, \\ tn in. from the base. 
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Olenellus (Mesonacis) asaphoides Emmons sp.* 

See Bull. U. S. G. S.. No. 30. i8g6, p. 168. 

Three small heads have been referred to this species. The 
presence of large individuals is known by fragments, particu- 
larly of the lateral cheeks. A few pleurae show the charac- 
teristics of this form, but these parts are not nearly so abun- 
dant as they are in the case of Holmia. 

The largest of the heads, although smaller, resembles close- 
ly the head of the specimen figured by Walcott (Loc. cit. PI. 
xc, fig. i). It shows the glabella complete with the whole of 
the left eyelobe. The glabella, at the anterior end of the 
eyelobes, has a diameter of 10 m m. The smallest of the 
heads has a maximum breadth of 15 m m. and a length of 
7.5 m m. The glabella has a length of 6 m m., a width of 4.3 
m m. in its widest part and of 3 m m. at its posterior end. 
This head differs from the young head figured by Walcott, 
(Loc. cit., PI. Ixxxviii, fig. id) in that it is wider between 
the eyelobes and bears a prominent tubercle upon the occipi- 
tal ring. It resembles the small head of Holmia referred to 
above. It lacks, however, the short spine which occurs just 
within the genal angles of the latter, and the glabella does 
not narrow toward its anterior end as in the case of Holmia. 
The reference of this to Olenellus asaphoides is provisional. 

The third head is considerably distorted, but shows in 
general the characteristics of the adult form of this species. 
It is intermediate in size between the other two. 

Olenellus sp. 

Three well-preserved heads of the Olenellus type have 
been found which have not, as yet, been identified with any 
known species. It is probable that these must be referred to 
a new species. It seems desirable, however, to give them 
further study. They will be described and illustrated in the 
paper by A. W. Grabau referred to above. 

♦Since the above was in type, the material has been submitted to 
Mr. Charles D. Walcott. Mr. Walcott is of the opinion that the speci- 
mens which have been identified as Olenellus (Mesonacis) asaphoides 
and as Metadoxides magnificus are possibly to be referred U> Olenellus 
(Holmia) broggeri. The identification of these species is, therefore, to 
be regarded. as provisional. The writer wishes to express his gratitude 
to Mr. Walcott for the opportunity of using the material in the U. S. 
Survey collections, and for many kind suggestions. 
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Itetidoxidet mafiiiflicut Mattliew ? 
Metadoxides magnificus Matthew, Bull. Nat. HisL Soc. N, Bruns- 
wick, No. XVll, p. 137, pi. Ill, 1898. 

It seems certain that there is present in the locality a large 
trilobite, differing from those described in bearing very long 
genal spines. Nothing except the spines has been recog- 
nized, although it is thought that some head fragments may 
belong to the same form. In all twelve specimens of such 
jpines have been found. Of these, the longest fragment has 
a length of 46.5 m m. The largest of the spines is a frag- 
ment 42.5 m m. in length, 11 m m. in maximum width and 
9 m m. at its smaller end. This spine is flattened but still re- 
tains a thickness of 3 m m. .All of the specimens show the 
diagonal raised lines slanting backward toward the inner mar- 
gin, as figured by Matthew (Trans. Roy. Soc. Canada, Second 
series, \'ol. v, sec. iv, pi. viii, fig. le.). These fragments are 
doubtfully referred to the above form. 

Agrajlus (Strenuella) strenuus Billings sp. war. nasotis Walcott. 

Agraulus strcnuus Billings, 1874. Geol. Sur. Canada, Palaeozoic 
Foss. vol. II, pt. I, pp. 71-72. 

Agraulus strenuus Billings sp. var niisutas Walcott. (Loc. cit., p. 654 

Also pi. XCVII, fig. 2.) 

This is perhaps the most abundant form occuring in thts 
locality. Thirty-seven individuals have thus far been identi- 
fied. In all but one case the heads alone are preserved. One 
specimen, however, shows the greater part of both head and 
thorax. The total length of this specimen is 14.5 m m. The 
length of the head alone is 5 m m. and its greatest width is 
9.5 m m. The specimen is not sufficiently well preserved to 
render these measurements absolutely reliable. In all, thir- 
teen thoracic segments are shown. 

Several of the heads show the extended frontal limb char- 
acteristic of this variety. In a number of cases the posterior 
projection is indicated, although in no case is it complete. 
The heads are generally of uniform size. One of the best 
heads, of this average size, has a length of 6 m m. without 
the posterior projection, and a maximum width, not includ- 
ing the free cheeks, of 8 m m. The glabella, without the pro- 
jection, has a length of 4.6 m m. and a maximum width of 
3.1 m m. The eyelobes are 2.5 m m. in length. Several of 
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the heads are considerably larger. The largest head found 
has a length of 15 m m. and a maximum width, without the 
free cheeks, of 20.5 m m. The glabella is 12.5 m m, long and 
9 ni m. in its greatest breadth. 

Microdiscus, cf. M. helena Walcoft. 

Microdiscus helena Walcott, i88q. U. S. Natl. Mus. Proc, vol. 12, 
p. 40. 

A single pygidium of Microdiscus has been found. It 
^stands in relief on the surface of a fragment which has been 
exposed to the weather. The details of its structure have be- 
come obscured, but the general outlines are quite distinct. 
It is the pygidium of a small individual, being but 2+ m m. 
in breadth and a trifle less in length. It appears to show not 
more than five segments. It is strongly convex. It resem- 
bles M. helena rather closely, but is not perfect enough for 
positive identification. 

Leperditia cf. L. solitaria Barramle. 
Leperditia solitaria Barrande. Syst. Sil. de la Boheme, vol. i,suppl. 
pi. 23. 

Five individuals have been found which appear to be os- 
tracods of the Leperditia type. The smallest of these is 8.^ 
m m. long, and 5 m m. in hight. Its hinge line is nearly 
straight, and curves abruptly at the ends. The valve is only 
moderately convex. The two ends are apparently symmetri- 
cal. Three of the other individuals resemble this one in size 
and shape. The fourth is considerably larger, having a length 
of 1 1.5 m m. It differs from the others in form, also. The 
hinge line is less straight and the valves more convex. It 
shows distinct lines of growth. It bears a ridge comparable 
to* the umbonal ridge of a lamellibranch. This specimen is 
only provisionally referred to Leperditia. 

Obolella atlanUca Walcott. 

Obolella atlantica Walcott, i88q. U. S.Natl. Mus. Proc, vol. 12. 
p. 36. 

Nine individuals are referred to this species. In no case 
is the preservation sufficiently good to bring out clearly the 
details of structure and ornamentation. In all, however, the 
lines of growth are traceable, while two specimens show 
laintly the radiating striae. The largest specimen has a length 
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fA 6 m m, and a width of 6.1 m m. Another good specimen 
h^^ a width of 4 m m. and a length of 3.5 m m. 

ObolalU tpl 
Two »mall forms are probably to be regarded as Obdella. 
Th^y arc nf/t, however, sufficiently well preserved for idcnti- 
ftr^t'um. They are more convex than O. atlantica, but are 
jKM^ibly young individuals of that species. They have a nearly 
rirciilar outline with a diameter of 2 m m. 

Urothf ca pervetut Matthew. 

I'rffthf'f H pi'Tvctus Mattliew. Nat. Hist. Soc., N. Brunswick, Bull. 
XVJIJ, p. i9i,pL i.fiR. 8. 

( )ni' «tpccimcn has l>ccn found resembling this form. It is 
V)fri( what flattened, but retains the general outline. It has 
a length of 14.5 m m. It has a maximum diameter of 2J2 
fn m. and tapers to an apparent diameter of 1.9 m m. at the 
nu\ (}{ the fragment. At its larger end it shows annulations 
Homfwhat faintly. 

Orthotheca cytindrica Grabau MSS, 

This is* a fmiall individual, having a diameter of i m m. It 
i- r^'j^'ardcd by (irabau as identical with the types of the species 
to he described by him shortly. It was found in a frag- 
ment derived not from the beds containing the above fossils, 
but from the finer grained shales associated with them. It 
is intcrestiJig as being the first identified fossil found at this 
locality. 

In addition to the above a number of forms have been 
found which have not, as yet, been identified. One fragment 
shows markings which appear to represent a trail of the Nereis 
type. This trail-like form has an apparent width of 12 m m. 
and is marked by wavy transverse lines about .5 m m. apart, 
which curve abruptly to form acute angles with the margins. 

Another form, which is particularly puzzling, is shown in 
outline below. It was regarded at first sight as a trail. It, 
however, tapers slightly, as shown in the drawing, and flares 
suddenly at its larger end. It appears, moreover, that it is 
not a mere impression, but has a definite thickness. Were it 
not for its size, one would be inclined to call it the genal 
spine of a trilobite. 
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Fig. 2. Form of Doubtful Nature. (Natural size.) 

It will be seen from the above synopsis that this locality 
is particularly rich in trilobite remains. In this respect it dif- 
fers in a marked degree from the two Lower Cambrian local- 
ities hitherto recognized in this region. The limestones of 
Xahant have, thus far, yielded no trilobite remains whatever, 
while at Attleboro trilobites are of subordinate importance. 
At both these localities pteropods predominate, while the 
fauna described in this paper includes but two individuals of 
this class. It is true, however, as stated above, that lime- 
stones, included in the North Weymouth series, bear pteropod- 
like fragments, which resemble those of Nahant, and may 
possibly belong to the same horizon. A fragment recently 
found by Mr. T. G. Watson on the shore near the Nahant lime- 
stone cliflfs proved to contain a trilobite head of the Agraulus 
(Strenuella) type. This suggests that the Nahant limestones 
also may be associated with trilobite bearing beds. 

It is unfortunate, in this connection, that the structural re- 
lations at North Weymouth are somewhat obscure. Profes- 
sor W. O. Crosby has recently completed a survey of this 
region. He has, very kindly, allowed me to read his manu- 
script and to refer to his conclusions. He recognizes that the 
rocks near the southern border of the North Weymouth series 
become darker in colour and less calcareous, and regards this 
as evidence of a transition in that direction toward the grey 
non-calcareous slates of Middle Cambrian age which outcrop 
just across the cove. He finds evidence of a similar change 
northward, the slates losing the red colour and becoming non- 
calcareous. From this fact, and from the occurrence of frag- 
ments of gray slate in the drift, he concludes that the red 
slates are probably bordered on the north by slates of Middle 
Cambrian age. This suggests that the North Weymouth 
slates occupy the axis of an anticline, and this is regarded 
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by professor Crosby as the probable structure. This woulil 
be a somewhat constricted anticline for the beds in the south- 
ern portion are nearly vertical, while those at the northern 
limit dip, according to professor Crosby, southward at a high 
angle. 

Ihe beds bearing the trilobites occur in the extreme south- 
em portion of the belt. This would bring them, accepting 
pr<jfessor Crosby's view, very near to the top of the series. 
The li.Tiestone beds, bearing the pteropods, lie to the north, 
and are, therefore, to be regarded as stratigraphically beloM 
the trilobite horizon. 

The fauna of this locality seems more closely related to 
the Conception bay, Xew Foundland, fauna than to that of 
any other known region. The two most abundant forms, 
Olenellus (H.), broggeri, and Agraulus (S.), strenuus, are 
characteristic of the Xew Foundland locality. The greater 
number of the other forms are found in both places. Olenellus 
(Mesonacis) asaphoides is not reported, so far as is known, 
from Conception bay. 

Note. — I wish to acknowledge my indebtedness to Mr. A. 
W. (irabau, who has worked with me in collecting and iden- 
tifying the fossils, and to Mr. T. G. Watson, who assumed 
the expense of opening up the ledge. I am under obligation 
also to Mr. Richard Ash, who has allowed us to blast upon 
his property. 
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I'Jic tiiutunia! theory of the earth, or Nature^ s system of construct- 
ihi^ (I stratified physical world. Willi a^m Andrkws, New York, i8qq, 
I'uhlislied by Myra Andrews and Ernest G. Stevens, Octavo, pp. 551, 

5^3.50- 

The author of this volume, which is well printed and carefully edited. 
seems to have assumed a remarkable hypothesis without any evidence, 
and to have spent much time in rambling through much scientific litera- 
ture in search of data on which it could be established. He was evi- 
(lently an uncultured and uneducated man, with a vigorous intellect 
which, still, was incapable of classifying and digesting facts so as to 
bring them to bear on the theory which he aimed to demonstrate. 
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That theory supposes that the poles of the earth perform a rotary 
spiral motion "from southeast to northwest," each pole going round the 
earth and gradually approaching the position before held by the other 
but beginning again to return when it reaches within 30 degrees of that 
position. It requires much examination of the book to correctly ap- 
prehend the author's conception of this motion. One might suppose, as 
the reviewer did, that the direction of the axis of the earth might shift 
under this hypothesis, either with respect to the earth's macs, or with 
respect to the solar system, but that is not the idea entertained by the 
author. He adopts the idea that the pole is not necessarily the ex- 
tremity of the earth's axis, but a certain geographic point, and that this 
point in the earth s surface may wander from the extremity of the axis 
while the rotation and oblateness remain constant. In short the author's 
theory is that the surface shell of the earth rotates spirally on the inter- 
ior mass, occupying inconceivably long periods, and that this rotation 
gradually submerges lands and elevates the bed of the ocean. This is 
invoked to explain the changes of continents, the geographic shifting of 
faunal characters, the variations of climate and all the physical changes 
which geological history requires. 

It is wholly a speculative composition built on the same plan as 
much of the geological works of a hundred years ago. It has many quo- 
tations of curious and quaint notions of the ancients -a veritable reser- 
voir of scientific curios from the literature of the past, especially of such 
as discuss the general cosmos. N. h. w. 

Geology of old Hampshire County, Massachusetts, comprising 
Franklin^ Hampshire and Hampden Counties. By B. K. Emerson. 
U. S. Geol. Survey, Mon. XXIX, 782 pp., pi. xxxv. Washington, 1898, 
Price $i.go. 

The geological map accompanying this monograph covers an area 
of approximately 1,700 miles extending in a north and south direction 
across the state of Massachusetts and embracing the valley of the 
Connecticut, largely underlaid by Triassic sandstones, together with 
a considerable area of crystalline uplands on either side. This por- 
tion of the valley is one of the classic grounds of American geology 
and the appearance of this report has been awaited with much in- 
terest. From the nature of the area covered, the report divides itself 
naturally into three parts, dealing respectively with the crystalline 
rocks, the Triassic sandstones and traps and the drift. 

The crystallines. The section relating to the crystallines is of im- 
portance in itself and because of its close connection at two points with 
the general problem of the older rocks of New England: for, (i) 
joining as it does the east side of the area reported on in Monograph 
XXIII* it continues half way across New England the section of 
metamorphic Cambrian and Silurian rocks which had already been 
carried from the Hudson to beyond Hoosac mountain, and (2) the 
work will furnish a base whence the study of these older rocks may be 
carried into northern New England and Connecticut, since the rocks 

♦Geology of the Green Mountains in Massachusetts, by Pumpellv, 
Dale and Wolff. Mon. XXIII, U. S. Geol. Survey. 



52 The Atnerican Geologist, January, lact- 

occur mostly in parallel north-and-south bands running entirely 
across New England. 

The crystalline rocks succeed each other in ascending order as 
follows: (i) the Washington graphitic gneiss of pre-Cambrian 
(Algonkian) age; (2) the Becket Cambrian gneiss, locally at base a 
conglomerate, found abundantly west of this area wrapping around 
pre-Cambrian nuclei, and showing a small development within the 
area on the west, while east of the Connecticut it is represented in 
force by the Monson gneiss; (3) the Hoosac and Rowe sericitc- 
schists separated by the Chester amphibolyte from Savoy and Haw- 
ley chlorite-schists above, all of Lower Silurian age; (4) the Upper 
Silurian Goschen and Conway schists graduating upward into the 
Leyden argillyte; (5) the Bernardston series of Devonian age, in- 
cluding gneiss, limestone, quartzyte, schist and amphibolyte. Uncon- 
formity exists between all of these series. The age of the Bernardston 
series is dertermined by fossils, that of the three lower series by trac- 
ing them west into Berkshire county, where fossils are found. The 
succession above is that west of the Connecticut. The crystalline 
rocks east of the river are not continuous with those west, but the two 
are parallelled on stratigraphic and petrographic grounds. Some of 
the upper schists are lacking to the east and on going still further 
east into Worcester county the series becomes still simpler. A very 
interesting section of the report is that dealing with the Chester am- 
phibolyte and the associated lenticular masses of serpentine and beds 
of emery. The serpentine is believed to represent an original dolo- 
mitic limestone, the amphibolyte an impure argillaceous limestone and 
the emery and magnetite deposits may have been formed by a re- 
placement of a portion of the limestone in a manner analogous to its 
replacement by limonite at the surface of the Stockbridge limestone in 
Berkshire county. The details of the paragenesis are given for the 
serpentine and emery. Amphibolytes also occur in the Conway schists 
and in the Bernardston series and these are considered to have had a 
similar origin to that of the Chester rock. Some of the amphibolytes 
are referred to original igneous rocks. 

The crystalline rocks in the western part of the area form a series 
of close folds often overturned to the west, and but seldom faulted. 
Passing eastward the rocks become more faulted, are abundantly cut 
by igneous rocks and show increasing metamorphism. The most 
abundant of these eruptivcs cutting the metamorphic rocks arc gran- 
ite and tonalyte of late Devonian or Carboniferous age, which occur 
in their largest development imniediatcly on the borders of the 
Triassic. 

rhr<c oruptivc*^ vary from vtry basic (noryie and corilandjrte) to 
acidic ( nuiscovitc-biotite-granitc and pcgniatyte), but granite and 
tonalyte alone occur in great ahundince. These occur within a square, 
twenty-five miles t)n a side, with Northhampton as its center. The 
central portion of this area is covered by Triassic sandstone. Toward 
the center of this s(|uare occur large areas of miiscovite-biotite-granite 
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and tonalyte, on the east side tonalyte alone, on the west tonalyte bor- 
dered by the granite; while cutting the granite and the surrounding 
schists, pegmayte occurs in immense quantity. The granite areas are 
^'reservoirs which have partly forced and partly melted their way up 
through the schists, absorbing much of the material of the latter in 
their progress, and sending upward and outward a complex radiating 
network of dikes. The two great stocks of 'tonalite' are partially de- 
nuded domes of these great granite batholites, which have melted so 
much of the gneiss and hornblende-schist into their mass that their 
composition has been greatly changed, but which, penetrated more 
deeply, would change to ordinary granite." It is not clear whether 
the granite and tonalyte grade into each other where they lie together 
on the west, or no. The hornblende of the tonalyte is in some places 
seen to be derived from diallage, which still remains in part, and the 
rock here is a quartz-gabbro; probably that was the original condition 
of all the tonalyte. The relation of these rocks to the surrounding 
^schists and to each other shows that they are of late Devonian or Car- 
boniferous age and that their order of succession is (i) tonalyte and 
granitite, (2) pegmatyte, (3) albitic granite, — a series in which min- 
cralizers took an increasing part. The contact effects on the sur- 
rounding rocks are often marked, especially about the tonalyte. 
Schists become feldspathic, limestones coarsely crystalline, hornblende 
schists pyroxenic or feldspathic, and (about the granite) slates become 
chiastolite schists. 

The Triassic. The valley of the Connecticut is mainly underlaid by 
Triassic sandstones and shales. These are the Ml. Toby conglomerate 
and Sugarloaf arkose about the border, Chicopee shales along the 
center of the valley, with the Longmeadow sandstone on either side of 
the shale, between it and the coarser border deposits. "These rocks 
are not chronologically successive, but are synchronous facies, de- 
pending for their variety on the character of the shore rocks from 
which they were derived, on the strength and direction of the tidal 
currents by which they were carried and on the varying distance from 
the shore and the varying depth of the water in which they were de- 
posited." These rocks, estimated at considerably more than a mile in 
original thickness, show constant evidence of shallow water deposition 
and must have been laid down in a gradually deepening trough. Their 
deposition was thrice interrupted by volcanic outbursts producing suc- 
cessively (i) two large and probably synchronous submarine over- 
flows of diabase whose outcrops now form Mt. Holyoke and Deer- 
field mountain, (2) a thin double sheet and the core from which it 
flowed, followed immediately by the Granby tuff, and (3) a series of 
intrusive dikes and plugs along the line of fissure which may have 
communicated originally with surface volcanoes, since removed by 
<,Tosion. Triassic and post-Trias^ic deformation produced a general, 
though not great, dip to the east and southeast and resulted in con- 
siderable faulting, especially along the eastern border, whereby the 
valley bottom was still farther dropped relative to the uplands on either 
side. 
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Tfu Pleistocene, The latter part of the report concerns itself with 
the phenomena of the drift. The pre-Glacial weathering, erosion and 
drainage, and the till with its drumlines are described. Beds of sand 
occur within the till in such manner as to indicate one and perhaps 
two retreats and subsequent advances of the ice, though it does not 
appear that such movements were extensive. The account of the 
Champlain is interesting. On the partial retreat of the ice, the north- 
ward-sloping valleys of the eastern uplands became in many cases the 
seat of glacial dammed lakes. Later, on the retreat of the ice from the 
Connecticut valley, this became the seat of an extensive lake, or rather 
of >hrec lakes (Montague, Holyoke, Springfield), partly separated from 
one another by the trap ridges. Deposits of sand filled the narrower 
northern Montague lake, but to the south where the valley was wider 
they rose to near the surface only about the border, the central part 
of the lake being filled by finer clay deposits to a bight depending on 
the original depth of the lake and the distance from the shore. These 
lake shore beds on subsequent elevation became the uppermost \'alley 
terraces— terraces of elevation — and from the sands and clays of the 
old lake the river subsequently carved out its lower terraces — terraces 
of erosion. 

This report represents twenty-five years of geological work, great in 
amount and much of it difficult in kind, which has been accomplished 
by the author practically single-handed and in the intervals of other 
and absorbing work. The report itself is well done and not more 
voluminous than the circumstances permit. Professor Emerson is to 
be conj^ralulated upon its completion, and the reports promised on 
Berkshire and Worcester counties will be awaited with interest. 

L. o. w. 
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Van HIse, C R. 

The naming of rocks. (Jour, Gcol., vol. 7, p. 686.) 
Ward, H. L. 

Notice of an aerolite that recently fell at Allegan, Michigan. (Am. 
Jour. Sci., 4th series, vol. 8, p. 412, Dec, 1899.) 

Watson, Thomas L. 

Some Notes on the lakes and valleys of the Upper Nugsuak penin- 
sula. North Greenland. (Jour. Geol., vol. 7, p. 655.) 

Westgate, Lewis G. 

A granite-gneiss in central Connecticut. (Jour. Geol., vol. 7, p. 
638.) 

Wllliston, S. W. 

Notes on the Coraco-scapula of Eryops, Cope. (Kans. Univ. 
Quart., vol. 8, p. 185, Oct., 1899.) 

Wllliston, S. W. 

A new species of Sagenodus from the Kansas Coal Measures. 
(Kans. Univ. Quart., vol. 8, p. 175, Oct., 1899, 4 plates.) 
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CORRESPONDENCE. 



M our ion's Bibliographia Geologica, The attention of American 
geologists and teachers of geology having occasion to keep abreast 
with the literature of the science is called to the "Bibliographia 
Geologica" issued by the Belgian Geological Survey under the direc- 
tion of M. Michel Mourlon, with the assistance of Dr. G. Simoens. 
This work, it should be stated, is a section of the Universal 
Bibliography which is being carried out upon the Dewey Decimal 
classification. 

Two series of volumes have been begun for geology and miner- 
alogy, one including all publications from January ist, 1898, the other 
works which appeared prior to that date. Two volumes of the cur- 
rent series B have been published and one volume of the retrospective 
series A. These catalogues are printed on one side of the page only 
so that the booklets may be cut up for a card catalogue if desired or 
may be bound as annual lists. With each entry is a Dewey decimal 
number giving an analysis of the subject-matter or brief title. The pa- 
pers in each volume are grouped according to the system by subjects. 
The Belgian Survey also issues a hand-book of the Dewey Deci- 
mal Classification to be used in the search for papers. The list of 
periodicals examined and listed in the Belgian office includes all of 
the regular and important journals, but there is a l?irge number of pa- 
pers appearing in irregular channels or in new journals in this country 
to which the office has not ready access. The undersigned as a vol- 
untary collaborator with M. Mourlon, will undertake to read and 
classify for the catalogue any papers or books not included in the 
'listes compulses" of the survey which may come to him. The publi- 
cations of the Bibliographia Geologica are for sale at the Imprimerie 
Hayez, 112 rue de Louvain, Bruxelles, Belgium. The price of the an- 
nual catalogue is 8 francs. J. B. VVoodworth. 



PERSONAL AND SCIENTIFIC NEWS. 



Prof. A. Brjgham, Colgate University, returned re- 
cently after a sojourn in Europe, having visited England, 
Scotland. Germany, and Switzerland. 

A Large Collection of Devonian fossil fishes has re- 
cently been secured by the American Museum of Natural 
History from Ohio. According to Mr. Bashford Dean, 
(Science, Dec. 29) it is the fourth collection made by Mr. 
Jay Terrell for whom Dr. J-. S. Newberry named Dinichthys 
terrelli, and contains an unusually fine and large specimen 
of that fish. 
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The Discovery of A New Cambrian Fauna in the 
Boston basin by H. T. Burr, Austin Fellow at Harvard Uni- 
versity, described in this number of the American Geolo- 
gist, is regarded by local students as the most important 
contribution to our knowledge of the region since the dis- 
covery of Paradoxides. 

Dr. Henry Hicks, F. R. S., a well known geologist of 
England, died on November i8th, at the age of sixty-two 
years. Dr. Hicks was secretary of the Geological Society 
of London from 1890 to 1893 and president from 1896 to 
1898. His name appears on the present list of officers as 
vice-president and as member of the council. 

Of the Men Working in Prof. Pirsson*s Labora- 
tories, Dr. J. E. Gregory spent the season in areal work for 
the United States Geological Survey in northern Connecticut. 
Mr. J. Barrell was in Montana, engaged in areal work in the 
Marysville and Elkhorn districts under Mr. W. H. Weed. 
Dr. C. H. Warren worked in Prof. Iddings* party during 
part of the season, in Yellowstone park. Mr. H. H. Robin- 
son worked in western Connecticut on areal problems, as 
assistant to Prof. Hobbs. 

The Discovery on Dec ist 1899 ^^ a Portion of a 
Human femuk in the Trenton gravels was announced at the 
winter .meetingof the A. A. A. S. at New Haven. The bone 
came from a portion allowed by both parties in the unfortu- 
nate controversy to be undisturbed glacial overwash from 
the bottom of the soil downward, and was taken from cross- 
bedded sands several feet below the surface of this admitted 
glacial part. 

Prof. G. Y , Wright, of Oberlin College, has been 
granted fifteen months leave of absence, and will start in 
February for a trip around the world. It is his plan to go 
first to the Hawaiian islands, then to Japan, China, and Sibe- 
ria. On January 3d he lectured before the Boston Society 
of Natural History upon the rate of erosion at the mouth of 
Niagara gorge, based upon measurements made in the inter- 
ests of the New York Central railroad, and used the results 
in interpreting the length of post-glacial time. 

A Letter From Mr. Alexander Agassiz from Tahiti 
island, published in Science for Dec. 8, gives an interesting 
account of the work of the Albatross up to Sept. 30. A 
distinct new basin has been discovered, covering about 30^ 
north and south, and named by Mr. Agassiz Moser basin. 
Its deposits are chiefly red clay, manganese nodules, sharks' 
teeth, and ear-bones of whales. On the islands thus far 
visited, the same evidence appeared as in the Fiji group- 
that the modern reefs are but a coating over Tertiary coral 
limestone. 
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Prof. L. V. Pirsson, of Yale University, spent parts of 
the last field season with Dr. H. S. Washington in New 
Hampshire, at lake Winnepesaukee, the Belknap moun- 
tains, Red hill and Livermore falls in Campton. During the 
present winter Prof. Pirsson expects to complete the petro- 
graphic work on the Highland mountains of Montana, upon 
which he and Mr. W. H. Weed have been engaged at times 
for several years. He now occupies the position on the 
staff of the American Journal of Science formerly held by 
the late Prof. Marsh. 

Dawson Chair of Geology. It was announced in this 
journal last week that funds had been provided for a chair 
of geology in McGill University in memory of the late Sir 
William Dawson, the income to be given to Lady Dawson 
during her life. At the last meeting of the governors of the 
university it was announced that the donor is Sir William 
MacDonald, to whom the university is already indebted for 
such great gifts. The amount of endowment is §62,000, and 
the chair is to be known as the Dawson chair of geology. 
There is already a Logan chair of geology in the university, 
filled by Prof. Frank D. Adams, but a second will be filled 
when the income becomes available. — (Science.) 

Deep Sea Soundings and Deposits. In a recent let- 
ter (published in Science for Dec. 8) to the U. S. Fish Com- 
mission Prof. Alexander Agassiz, who is engaged in a qruisc 
in the Pacific on the steamer Albatross, announces some 
interesting facts concerning deep sea soundings, deposits 
and life, and concerning coral islands. The soundings 
taken showed a deep basin, between latitude 24^ 30 ' N. and 
6*^ 25' S., varying in depth from nearly 3100 fathoms to a 
little less than 2500. These soundings and others disclose a 
large basin of rather uniform depth in the central Pacific, 
which Prof. Agassiz proposes to call Moser basin. The bot- 
tom of this basin shows many manganese nodules, sharks' 
teeth and cetacean ear bones, as well as red clay. 

Coal in Lower Michigan. Under this title Dr. A. C. 
Lane, state geologist of Michigan, has published in The 
Michigan Miner, of Saginaw (vol. I, Nos. 3-10, Feb.-Sept., 
1899), a report whose object is stated to be to give the land 
owner of lower Michigan that amount of geological inform- 
ation which will enable him to form -an intelligent estimate 
of the value of his land for coal mining purposes, and to 
plan intelligently for the economical development of that 
value. The report is prepared in accordance with a para- 
graph of the act, establishing the Geological Survey of Mich- 
gan, which provides for condensed statements of important 
and interesting facts for general circulation. The paper is 
written in a semi-popular manner, and is as free from tech- 
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nical terms as seems advisable, but these features do not de- 
tract from its value as a scientific and precise resume of 
what is known of the coal in lower Michigan. There are re- 
prints of this report which are for distribution by the state 
geologist at Lansing. 

Prof. Edward Orton Jr. has been appointed state g^eol- 
ogist of Ohio to succeed his father, the late Dr. Edward Or- 
ton. Prof. Orton became connected with the state surve3' in 
1882 as an assistant engaged in the study of the Coal Meas- 
ures of easte|;n Ohio. He collected and prepared the mate- 
rial for the Ohio mineral and geological exhibit at the 
World's Fair at New Orleans. Later he began the study of 
the clays and clay industries of the state and prepared the 
thorough reports upon these subjects for volumes Vand VII 
of the Ohio geological reports. As secretary of the com- 
mission appointed by the National Brick Manufacturers' As- 
sociation in paving brick tests he has conducted a large num- 
ber of tests which have been described in the reports of this 
Association. In 1894 he was appointed director of the new 
department of clay-working and ceramics in the State Uni- 
versity which has developed into a prominent engineering 
course of that institution. 

Under his direction the work in the various lines of eco- 
nomic geology which are open for investigation in Ohio will 
be continued and no doubt will add to the knowledge of the 
economic resources of the state. 



The Ninth International Congress of Geologists. 

The French committees having in charge the preliminaries 
of this meeting have issued several circulars from which the 
following information is derived: 

The membership fee for the meeting is twenty francs: the 
subscription to the official livret-guide is ten francs, and the 
advance payment required of those who intend to participate 
in the excursions is twenty francs. These sums, according 
to the plan of the participant, are to be sent to M. Ch. Barrois, 
62 boulevard Saint Michel, Paris, by postal order, payable to 
Leon Carcz. treasurer of the Congress. There are arrange- 
inents for seven excursions before the meeting of the Con- 
gress, four during the meeting, and twelve after its adjourn- 
ment. The Congress will open on the 16 August in the 
afternoon, in a pavilion of the Exposition. Sessions will be 
held on the 17, 18, 21, 23, 25, 2^ and 28 August. During the 
19, 20, 22. 24 and 26 August visitors will have opportunities 
to examine the exposition and to visit the geological museums 
or to accompany the short excursions which are organized 
to visit the environs of Paris. 
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Following is the general schema of the excursions: 

/. In the Ardennes, under the guidance of Gosselet, Aug. 6-14, will 
see the stratigraphy of the "Primary" terranes, the Carbonilerous, De- 
vonian and Silurian, as well as their metamorphism and the tecto- 
nique of the Ardennes plateau. Approximate cost 180 francs. 

2, Gironde and Touraine, In Gironde under the direction of 
E. Fallot, for the purpose of examining the succession from Lutetian 
to the Miocene, and the principal fossil localities. Approximate cost 
130 francs. In Touraine, conducted by G. Dollfus, visiting the regions 
of the typical Miocene; approximate cost 70 francs. The former of 
these two excursions continues from Aug. 3 to Aug 9. and the latter 
from Aug. 1 1 to Aug. 14. the former terminating at Bordeaux and the 
latter at Paris. 

J. In the Pyrenees, under the guidance of Prof. Lacroix, e^ctcnd- 
ing from Aug. 4 to Aug. 14. The purpose of this excursion will be 
to examine the crystalline rocks, granite and contact phenomena of 
the upper valley of the Oriege and of the peak of Arbizon, the Lher- 
zolytc of Lhcrz, etc., the ophytes of the upper Ariege, the nepheline 
syenyte and the ophyte of Pouzac. Approximate cost 200 francs. The 
participants will rendezevoux at Ax-lcs-Thermes (Ariege), and Aug. 
14 will find themselves at Bagneres-de-Bigorre. 

4. In Aquitania (Charentes and Dordogne) under the guidance of 
Ph. Glangeaud. Will examine the Jurassic and the Cretaceous, the 
folding and the faults of the region and of the central plateau. Will 
<*xlend from Aug. 5 to Aug. 14, ending at Saint Cyprien. Approxi- 
mate cost 200 francs. 

J. To examine the typical Turonian of Touraine and Cenomanien 
of the Manse, under the direction of Grossouvre. from Aug. 10 to Aug. 
14, beginning at Tours and ending at Paris. 

6. In Mayenne, under the conduct of D. P. Oehlert. In the 
basin of Laval, to examine the Paleozoic from* the pre-Cambrian to the 
Carboniferous, the study of their fauna and the succession of parts. 
Also sands of the Eocene and of the Pliocene; eruptive rocks, gran- 
ite, diabase, microgranulytes, orthophyr and attendant metamorphism. 
Approximate cost 100 francs, extending from Aug. 9 to Aug. 14, end- 
ing at Paris, beginning at Laval. 

7. Brittdny^ conducted by Charles Barrois, from Aug. 4 to Aug. 
14, beginning at Quimperle (Finistere) and ending at Vannes. Will 
examine the succession of paleozoic fossiliferous formations and their 
metamorphism; granites and granulitic gneisses; diorytes and amphi- 
bole gneiss; surface eruptive rocks, both Precambrian and Silurian; 
Laccoliths and Carboniferous dikes; aplytcs and kerzantons; approxi- 
mate cost 220 francs. 

8. In the Tertiary Paris Basin, Four different short excursions 
will be made on those days intervening between the sessions of the 
Congress. These will be under the dirtction of Munier-Chalmas. 
Leon-Janet, Stanislas Mcunier and G. Dollfus. each one occupying a 
day. The cost will be little. 

After the Congress the following excursions will be made: 
Q. Boulonnais and Norrnandie conducted by Gosselet, Munier- 
Chalmas, Peliat, Rigaux, Bigot and Cayeux. The sub-excursion in 
Boulonnais will lead to a visit to the "Primary" terranes, to the 
Jurassic and Cretaceous, and to an examination of the general suc- 
cession of fossiliferous horizons, the tectoniquc. the folding and the 
planation of Lower Boulonnais, costing about 90 francs. The sub- 
excursion in Normandy will lead to the study of Cretaceous and Jur- 
assic faults of the Manche; the Precambrian. Cambrian, Ordovician, 
Gothlandian. etc., to the Kimmeridian. Approximate cost 120 francs. 
Begins at Calais. Aug. 30, and continues to Caen, Sept. 8. 



62 The American Geologist, January, Utti 

/o. Massif -central^ under the direction of Michel-Levy, Boule ami 
Fabre. This will introduce a comparative study of three great volcanic . 
regions, from geological and physiographic points of view, bringing, 
out the complete chronology ot the eruptions from the Miocene to the 
Quarternary. M. Fabre will continue the excursion through the 
Causses of Lozere, the gorges of Tarn and Mt. Aigonal. Cost 300 
francs. This excursion will begin Aug. 29 at Clermont-Ferrand and 
will end at Le Vigan, Sept. 13. 

//. The Carboniferous of central France. There will be twc* 
branches, one conducted by Fayol and the other by Grand Eury. 
The former will visit the coal basins of Commentry and Decazeville, 
and the other the basin of the Loire. The former will cost about 120 
francs, extending from Aug. 29 to Sept. 4, and the latter about 50 
franc?, from Sept. 5 to Sept. 7. 

12. The Tertiary formations of the Rhone : Secondary and Ter- 
tiary of the Lower Alps. This will consist of two parts, one under De- 
peret and one under Haug, the former costing about 125 francs and 
the latter 75 francs. The former will begin Aug. 30, at Lyon, and con- 
tinue to Sept. 6, ending at Digne. The latter will begin at Digne. 
Sept. 7 and end at Sisteron Sept. 11. 

/J. The Alps of Dauphinyy in the vicinity of Grenoble. Four 
sub-excursions will rendevoux at Grenoble Aug. 29. The first, unde.- 
the direction of Marcel Bertrand and W. Kilian will consist of two 
parts. One part, under Kilian, will continue from Aug. 51 to Sept. 5. 
costing about no francs. It will visit the sub-Alpine chains (upper 
Jurassic and Cretaceous), the crystalline schists of the central mas- 
sives, the sedimentary series having a Brianqonnais facies, the alpine 
malm and the flysch. The other part will be guided by Bertrand and 
will examine the folded strata of Mt. Joly and the extremity of the 
Mt. Blanc range, costing about 70 francs. The second sub-excursion 
will be guided by P. Lory, Paquier and Sayn. The expense will be 
about 120 francs, and it will include the central "massif" of Mure 
(crystalline schists, coal, Trias, Lias), subalpine chains of Bauchainc. 
Dcvoluy, Jurassic, Cretaceous, Nummulitic and Oligocene, folds and 
domes of different ages, continuing from Sept. 3 to Sept. 12, at a cost of 
about 120 francs. The third sub-excursion, under the guidance of Kil- 
ian and Leenhardt, will visit Mts. Ventoux and Lure,' with a study of 
the Lower Cretaceous scries in the regions of the Barremian and the 
Aptian. costing about 150 francs, extending from Sept. 11 to Sept. 2<x 
The fourth sub-excursion includes visits to the "massif* of Pelvoux 
and Briangonnais, under the direction of P. Termier. Here will be 
seen metamorphic schists and gneiss, masses of granite and sycnytes. 
diabases and lampeophyrs. coal with intrusions of orthophyr; Trias 
and Lias with eruptions of melaphyrs (spilytcs); Upper Jurassic; 
Nummulitic and Flysch involving numerous tectonic problems; with 
an aproximate cost of 200 francs, extending from Aug. 30 to Sept. 9. 
closing at Cesanne. 

//. Massif of MontDore, the ranj?e of the Puys and Limagne, un- 
der the direction of Michel Levy. The participants will have an op- 
portunity to study the volcanic craters of the vicinity of Clermont- 
Ferrand; based on a granitic and schistose foundation; inclusions of 
schist and of quartzyte; phenomena of cndomorphism exhibited by the 
gianite at Aydat. Study of the succession of eruptions of Mont-Dore. 
and of the environs of Tssoire and Perrier: peperytcs, basalts and 
phonolytes of the Linia^ne. with an approximate cost of 180 francs, 
extending from An^. 2g to Sept. 6. 

1^, Morvan, under the direction of VVlain, Peron, and Breon. 
Will visit the secondary terranes of the valley of the Yonne and re- 
^Sow of Avallonnais. The Liassic and sub-Liassic series of Semur. 
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The Permian basin of Autun. The volcanic *'massif ' of the Chaume 
near Igornay, costing about 160 francs, extending from Aug. 29 to 
Sept. 8. 

16, In Picardie, under the guidance of Gosselet Cayeux and La- 
driere. Will visit the Cretaceous phosphates and the Quarternary 
Limons of the north of France, between Sept. 3 and Sept. 8, at an ap- 
proximate cost of 80 francs. 

//. Caverns of the region of the Gausses, directed by E, A. Mar- 
tel. Will see the principal caves discovered and explored in 1888, with 
a speleologic study. App!"Oximate cost 150 francs. Extending from 
Aug. 29 to Sept. 4. 

18. Massif of Montagne- Noire, under the guidance of Bergeron; 

will study the succession of the paleozoic strata from the primordial 

• fauna of the Cambrian t6 the Permian and the metamorphism and 

tectonique of this series, from Aug. 29 to Sept. 6, with a cost of about 

180 francs. 

ig. Sedimentary terranes of the Pyrenees, under the direction of 
L. Cayeux. The Devonian, Carboniferous, upper Cretaceous and the 
Nummulitic will come under review. Glaciers; eruptive rocks of 
Cretaceous age; succession and tectonique of the Jurassic formations of 
Haute Garonne, of Foix and of Corbieres, extending from Aug. 30 to 
Sept. 8, with several proposed variations, costing about 200 francs. 

20. The Lower Province, under the direction of Marcel Bertrand, 
Vasseur and Ziircher, will see the normal Triassic series of Toulon; 
the succession at Bcausset, of Sainte-Beaume; the fluvio-lacustrine 
Cretaceous and Tertiary, approximate cost 150 francs. 

The above prices include only expense after reaching the 
point of starting, which sometimes is on the Atlantic coast 
or on the Mediterranean. The expense of going from ajid to 
Paris must therefore be added. But the railroads have granted 
half-fare rates to the members of these excursions. The total 
expense will also be diminished by the amount paid in advance 
as above noted. 

Later circulars giving further information in detail will 
be sent only to those who inscribe themselves as members of 
the Congress, paying the required fee. 

The excursions organized by the Committee of the Con- 
gress are of two sorts, general and special. To the former 
subscription is open to the greatest number possible. The 
others are reserved to specialists, and no more than twenty 
can take part in any one of them. They have been grouped 
in several series, before, during and after the Congress, in or- 
der that those who desire may participate in two or three of 
them. Further, the conductors of some of the excursions arc 
willing to make them a second time in case of the applica- 
tion of too large a number for the regular occasion. 

These well-considered and wise provisions will commend 
themselves to geologists who attend the Congress, and will 
serve to correct some of the irregularities and abuses which 
were connected with the last Congress. 

Aside from the general sessions of the Congress, the or- 
ganizing committee will propose that there be sections as 
Tollow^s: . 
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1. General geology and tectonique. 

2. Stratigraphy and paleontology. 

3. Mineralogy and petrography. 

4. Applied geology and hydrologie. 

The conjunction of this Congress with the great exposi- 
tion of 1900 at Paris will probably cause a large attendance. 

In conclusion, the Committee assure members of the Con- 
gress that through the agency of the Societe des \'oyages 
modernes (i rue de TEchelle), they will be able to piocure ac- 
commodations at comfortable hostels at Paris at the follow- 
ing rate : Room for lodging, from six francs per day upward ; 
lodging and two meals, ffom thirteen francs per day upward. 
TheYear JUST CLOSING, (1899) has been a very fruitful one 
for the Department of Vertebrate Paleontology of the Ameri- 
can Museum of Natural Histor>'. Mr. Walter Granger and 
four assisiants spent about six months at and near the Rone 
Cabin quarry in Wyoming, with very important palepntolo^i- 
cal results. They procured a large number of limbs and one 
nearly entire skeleton of a Morosaurus and a large part of 
the skeleton of a Brontosaurus. The last is about the same 
size but of heavier proportions than the skeleton described by 
i*rof. Maish. Another find made not far from the Bone Cabin 
(juairy was the larger part of the skeleton of a Baptanodcn 
(an icthyosaurian), tlie paddles and most of skull being par- 
ticularly worthy of mention. Two large car loads of speci- 
mens were brought east and are now being worked up at the 
Museum. Dr. W. D. Matthew had another party in this re- 
gion for two months, studying the geology from Como Bluffs 
northward to the Freeze-Out Mts. and the Rattlesnakes. He 
made many geological sections and took a large number of 
photographs and expects to continue the work another sea- 
son. r*rof. H. F. ()?born spent several w^eks in visiting all 
the localities from which the U. S. Geological Surv^ey has 
collected dinosaur remains and in studying their geology. 
Another division under the charge of Mr. J. VV. Gidley workeei 
in the Miocene and Pliocene of Texas with very satisfactory 
results. 

The event of greatest importance to the department dur- 
ing the year was the acquisition of the remainder of the 
Mcsozoic specimens of the Cope collection, including reptiles, 
amphibians and fish. This was the gift of t'resident Morris 
K. Jesup to the Museum and secures to it all the fossils left 
by the late Prof. E. D. Cope, the mammal remains having 
been bought some years ago. This last purchase includes 
about three hundred and fifty of Cope's types and much un- 
published and unworkcd material. 
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ECIES OF CRINOIDS, BLASTOIDS AND 
CYSTOIDS FROM MISSOURI. 

By R. B. RowLBT, LouisiaDa, Mo. 
(Plate II.) 

Codaster (Cryptoschisma?) laviculus. (nov. sp.) 
Fig. I. Side view of a large specimen with the ambulacra removed, 
showing the hydrospire slits. 

Fig. 2. Side view of a smaller individual. 
Fig. 3. Same view of a very large one. 

Fig. 4. Side view of a large specimen with the tips of the ambulac- 
ra removed. 

Fig. 5. A large specimen with the ventral surface turned a little to- 
ward the observer, showing the spiracles. 

General shape of the body, obconical. The three basal 
plates elongate and having a stem-like appearance below. 
Radials long, half the length of the body, excavated rather 
deeply about a third of the way down for the ambulacra. The 
deltoids (interradial plates) visible externally as short ridges 
near the summit. Ambulacra short and rather broad or petal- 
loid in outline. Four elongate oval spiracles and a similar 
anal opening, around the summit, connect with parallel slits 
beneath the ambulacra. The surface of all the plates orna- 
mented by fine stride parallel with the sutures. Columnar facet 
small and perforation minute. 

This interesting blastoid comes from the very base of the 
Upper Burlington limestone at Louisiana, Mo., associated 
with Schizoblastus sayi, Granatocrinus? magnibasis and Lo- 
bocrinus pyriformis. In its broad ambulacra and large spira- 
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cles it seems to be closely related to Etheridge and Carpen- 
ter's genus Cryptoschisona. The plates are very thin and it 
occurs mostly in a crushed condition. As natural casts it is 
occasionally found in cherts of the same horizon. 

Codaster graciilimus. (Rowley & Hare.) 

Kigs. 6-7. Side views of two specimens, natural size. 
Fig. 8. Ventral view. 

This blastoid was figured and described in the Kansas 
City Scientist for July, 1891, and is redrawn here for com- 
parison with Codaster laeviculus. This blastoid occurs spar- 
ingly about the middle of the Lower Burlington limestone, 
associated with Orophocrinus? inopinatus, Granatocrinus exi- 
t(uus and Dorycrinus unicornis. 

Codaster grandis. (Rowley & Hare.) 

Fig. 9. Side view of specimen, natural size. 
Fig. 10. Ventral view of same specimen. 
Fig. 11. Side view of a small individual x 2. 

This fine blastoid was figured and defined in the July 
number of the Kansas City Scientist for 1891 from natural 
' casts in chert. The present figures are from specimens pre- 
serving the test, the larger of which is somewhat restored 
from a slightly crushed specimen. The smaller is a poor 
figure of a fine specimen^ granatocrinoid in form. The test is 
very thin and the specimens are usually crushed. 

It occurs in the first division of the Upper Burlington 
limestone at Louisiana, Mo., associated with Codaster laevi- 
rnlus, Granatocrinus? magnibasis and Schizoblastus sayi. 

Granatocrinus calycinus. (nov. sp.) 

Fig. 12. Side view, natural size of a large specimen. 

P ig. 13. Side view of another individual x 2. 

Fig. 14. Ventral view of same specimen, two diameters. 

The base of this little blastoid is flat or slightly concave 
and quite large. The three plates are of the usual shape, 
length and breadth of the body about equal and the am- 
bulacra equal to the length ( f the body. The radials are 
scarcely more than half the length of the body. The deltoids 
(ir interradials nearly half the length of the body. The am- 
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bulacra ate rather wide for a Granatocrinus, and, together 
with the radial Hps form five elevated and prominent ridges. 
There are eight spiracles and a rather large anal opening. 
The plates are all ornamented by fine rows of granules. 

The general outline of this fossil is somewhat similar to 
Granatocrinus pisum of the Lower Burlington but has much 
larger interradials and much shorter radials, broader am- 
bulacra, more globose shape and is much smaller in size. 

This little fossil occurs in the basal layer of the Upper Bur- 
lington limestone at Louisiana, Mo., associated with Granato- 
crinus? magnibasis, Schizoblastus sayi, Codaster grandis and 
Codaster laeviculus. 

It is the smallest blastoid from the Burlington. 

Granatocrirrus aplatus (Rowley & Hare.) 

Fig. 15. A well preserved specimen enlarg;ed to two diameters to 
show the strong tooth-like granules in parrallel rows, side view. 

This fossil was figured and described in the August, 1891. 
number of the Kansas City Scientist. It occurs in the brown 
earthy parting just above the "White Ledge," Lower Bur- 
lington limestone, Louisiana, Mo. It is associated with 
Agaricocrinus planoconvexus and is scarcely larger than 
Granatocrinus calycinus. 

Codonitesi inopinatus (Rowley & Hare.) 
Fig. 18. Side view of a specimen, two diameters. 

This blastoid w-as figured and described in the Kansas 
City Scientist for July, 1899, and as but few specimens have 
been collected since then, little more is known of its relations. 
It may prove to belong to some other genus than Codonites 
(Orophocrinus). Nothing is known of the spiracles, but the 
ornamentation is that of the Codaster group. 

Fig. 19. Side view, two diameters, of a blastoid from the 
top 6f the 4th division of the Lower Burlington limestone at 
Louisiana, Mo., associated with Granatocrinus aplatus. It 
seems to be closely allied to Codonites? inopinatus in orna- 
mentation and general surface features, but differs in shape 
and the basal region. 

In its flat base and general outline it is allied to Granato- 
crinus aplatus. These three forms are probably congeneric 
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and may be readily recognized by their ornamentation and 
strong, wart-like anal region. 

Codonttes (Orophocrinus) whitii? (Hall.) 

Fig. 20. Side view, natural size of a specimen partly imbedded in 
chert. 

This fossil is from the base of the third horizon of the 
Lower Burlington limestone at Louisiana, Mo., and occurs 
associated with Granatocrinus exiguus, Codonites? inopinatus 
and Codaster gracillimus. It is very rare, as the writer has 
seen but two specimens of it in many years collecting. 

Granatocrinus steila. (nov. sp.) 

Figs. 26-27-28. Dorsal, ventral and lateral views, natural size of the 
type specimen. 

In this very peculiar little blastoid the hight is scarcely 
half the breadth, giving- to the natural casts almost a discoidal 
outline. Base flat or slightly convex. Basal plates form a 
large pentagon with a width little less than the greatest width 
of the body. Ambulacra extend below and beyond the basal 
truncation and, in specimens preserving the test, extravagantly 
prolonged downward and outward like the rays of a star fish. 
The. summit shows a rather large anal orifice and the cen- 
tral opening. Radials flat between the ambulacra. Deltoids 
or interradials confined to the slightly sunken summit and not 
seen on a side view. Ambulacra but little elevated above the 
flat radials. 

Most of the specimens collected are natural casts from 
chert but the figured specimen preserves the test and two of 
the rays entire. The spiracles are located as in Granatocrinus 
niagnibasis with which species G. steila is congeneric and for 
which a new generic name may have to be created. 

The ornamentation is raised lines, parallel with the plate 
sutures. 

This pretty little blastoid comes from the ver>' base of the 
Upper Burlington limestone at Louisiana^ Mo., and occurs 
associated with- Granatocrinus calycinus, Codaster grandis and 
Codaster laeviculus, 



New Missouri Crinoids, Etc. — Rowley, 69 

Pentremites benedicti. (no v. sp.) 

Figs. 29-3031. Lateral views of three different sizes (natural size). 
Fig. 32. Ventral view of another specimen (natural size). 

This blastoid in outline is a miniature Pentremites pyri- 
formis. The basal cup is quite large and made up of three 
plates and produced below into a handle-like shape. The 
radials are about two-thirds the depth of the body, not reach- 
ing the summit. The interradials are exceedingly small elon- 
gate triangles, quite a distance below the summit. There are 
four spiracles and the anal opening around the summit. The 
ambulacra are short and broad, hardly more than half the 
length of the body. The-calycular plates are finely and beau- 
tifully striate, the striations running parallel with the plate 
sutures. 

This handsome little pentremite conies from the Warsaw? 
(St. Louis) limestone at Grand Tower, III, and Wittenberg, 
Mo., and was found associated with Pentremites convidens and 
Granatocrinus spinulifera. Some yeabs ago Mr. A. C. Bene- 
dict of Indianapolis loaned the writer specimens of a small 
Pentremites from the Warsaw? limestone of Indiana which 
probably belongs to the present species. The specific name 
is in honor of Mr. Benedict. 

Granatocrinus spinuliferus. (nov. sp.) 

Figs. 33-34. Lateral and ventral views of a large specimen, slightly 
magnified. 

Fig. 25. Basal view, magnified two diameters. 

This little blastoid has a hight equal to the width, is 
strongly lobed, has rather deep sunken ambulacra, a base but 
slightly concave and extravagantly produced interradial 
plates, crowning the summit with five spines. 

The base is flat or slightly concave, rather large and com- 
posed of three quadrangular plates. The radial pieces form 
five distinct lobes deeply cleft for the narrow ambulacra. The 
interradials are small and extend hardly below the summit. 
Each is produced upward into a spine-like process and ex- 
travagantly so in the case of the anal interradial. Ventral sur- 
face uncovered in the specimens collected. Ambulacra less 
than half as wide as the radial pieces, extending down full 
lengtTi of the fossil and are composed of many pieces. There 
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are eight small spiracles at the summit and a large anal 
opening. Whole surface of the plates finely granular. The 
foot-like projections at the bottom of the ambulacra point 
outward. 

This species is not unlike Meek & Worthen's Pentremites 
cornutus but is very much smaller and from a different hori- 
zon. Moreover the interradials are extended more nearly 
straight up and are more slender and more acutely painted. 
Our species occurs in the quarry at Grand Tower, 111., and 
Wittenberg, Mo., in the Warsaw? (St. Louis) limestone, asso- 
ciated with Pentremites conoidens and Pentremites bennedicti. 
The specimen figured is one of the largest found as many are 
little larger than a large radish seed. 

This is probably the smallest known American blastoid. 

Troostocrinus? dubius, (nov. sp.) 

Fig. 36. Side view of a large specimen, natural size. 

Fig' 37- Ventral view of a smaller individual, twice natural size. 

Fig. 38. Basal view, three diameters. 

Basal cup triangular or pyramidal. Hight and width about 
equal. The radial sutures apparently extend to the summit 
as no interradials are visible externally. The top of the anal- 
interradial area is horn-like or extends somewhat above the 
tops of the other areas in some of the specimens. Except the 
anal opening and the central uncovered area, no other open- 
ings are visible. The ambulacra are over a third of the length 
of the entire body and lie a little below the edges of the 
radial lips. The number of pore pieces on either side of the 
lancet plate in each area is from fifteen to twenty. 

No columnar cicatrix was noticed on any of the specimens, 
and if present the stem must have been very slender. The 
ornamentation of the plates is fine parallel striae. 

This most interesting little blastoid comes from the Delthy- 
ris Shaly limestone of the Lower Helderberg group, two miles 
below Wittenberg, Mo., and was found associated with Dal- 
manites tridentifera, Cyrtina dalmani and Platyceras pyrami- 
datum. 

This species will, doubtless, be found to possess good char- 
acters for a new genus, as it has little to ally it to Troosto- 
crinus. 
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Strybalocystis? tlongatus, (nov. sp.) 
Fig. 39. Side view of the body and part of the column, natural size. 

Basal plates longer than wide, apparently four in number. 
The plates of the second ring are larger than those of the first, 
from six to eight sided, and longer than wide. The plates of 
the third ring are smaller than those of the first, length and 
breadth about equal. The still smaller plates of the fourth 
ring complete the calyx. The vault or ventral plates are very 
small. 

The column is large and made up of joints of equal length. 
As the only two specimens of this little cystoid, collected by 
the writer, are imbeded in hard Hmestone matrix and show the 
same side of the body, the description is necessarily incom- 
plete and the generic reference may be wrong. 

The types were collected from the Delthyris Shaly lime- 
stone (Lower Helderberg group), at Red Rock landing. Perry 
county. Mo., and found associated with Dalmanites tridenti- 
fera, Spirifer perlamellosus and Platyceras pyramidatum. 

Strybaiocystit mitMuriensit, (nov. sp.) 

Figs. 40-41. Lateral and basal views of the type specimen, natural 
size. 

Basal plates four, of nearly equal size and excavated below 
the column. The six plates of the second ring are larger and 
from five to seven sided. Length and breadth about equal. 

The plates of the third ring are eight in number and of 
irregular sizes and shapes. The vault plates are eleven or 
twelve in number and small. One small, round opening near 
the edge of the vault is the only apparent hole through the 
test. 

All of the calyx plates are not only very convex but have 
sharply elevated ridges from the center to the angles of the 
plates. 

This cystoid probably had no arms and is closely related 
to Miller's S. tumidus and S. gorbyi. It occurs* in the Nia- 
gara limestone of St. Genevieve county, Mo., near St. Marys, 
and is associated with two or three species of Pisocrinus, 
Orthis elegantula and a Nucleospira. With one exception, 
these are the only cystoids ever described from Silurian rocks 
of the state and are therefore very interesting. 
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Dorycrinut pentalobut, (nov. sp.) 
Figs. 21-22. Side and basal view of the type specimen, natural size. 

The three basal plates are sharp and prominent and are 
excavated beneath for the column. All of the calyx plates are • 
nodose. The first radials are six sided and wider than long. 
The second radials are four sided and twice as long as broad. 
All of the higher radials are broader than long. The plates 
in the interradial areas are arranged as usual in this genus — 
one below, two above, etc. 

The plates of the azygous side can not well be made out 
as the fossil is not entirely free from the limestone matrix. 
Dome or ventral plates all strongly nodose. There is a strong 
central spine but no others. The anal opening is lateral as 
usual in this genus. The vault is quite as high as the calyx. 
The body is strongly lobed and this, together with the single 
spine and peculiarity of plates, are sufficient to identify this 
species. 

It occurs near the base of the Upper Burlington lime- 
stone at Louisiana, Mo., and White Ledge, Mo., and is very 
rare. 

Batocrinus (7)springeri, (nov. sp.) 

Fig. i6. Side view, natural size. Named in honor of Mr. Frank 
Springer, Las Vegas, N. M. 

The basal plates form a flat surface, only seen in a basal 
view and extending but little beyond the columnar cicatrix. 
The first radials and the first anal interradial are strongly 
nodose. The second radials are four sided and convex, form- 
ing part of a central radial ridge, but they are not nodose. 
The third or axiliary radials are five sided, nodose and each 
supports above two secondary radials. On these latter plates 
rest arm-bearing plates. The first interradials are strongly 
nodose and followed above by two very small pieces. Above 
the first anal interradial are two nodose plates and two small 
ones abov^ the latter. The dome or ventral plates are all 
highly nodose and the ventral tube is strong and located cen- 
trally. The vault is higher than the calyx. The arm open- 
ings are four to the ray or twenty in all, directed outward and 
with a slight tendency toward grouping. The first radials 
would be taken for basals by a careless observer. 



New Missouri Crinoids, Etc, —Rowley ^ 73 

This crinoid differs from all other species of Batocrinus in 
its inconspicuous basals, the peculiar nodose character of its 
calyx plates, the great hight of its vault, fewness of calyx 
plates and general appearance; more nearly approaching 
Cactocrinus in the latter feature. 

This peculiar crinoid is found near the top of the Lower 
Burlington limestone at Louisiana, Mo., associated with 
Agaricocrinus planoconvexa, Granatocrinus aplatus, Ichthyo- 
crinus burlingtonensis. The species is doubtfully referred to 
Batocrinus. 

Eretmocrinut nodosus, (nov. sp.) 
Fig. 17. Side view of the body, natural size. 

This fine crinoid has the prominent base and inflated ven- 
tral region of the genus Eretmocrinus. The first radial plates 
are large and hexagonal, the second quadrangular and the 
third cr axiliary plates pentagonal. The first plate of the 
secondary radial series is a bifurcating plate. The first inter- 
radial is nodose and upon it rest two smaller plates. The first 
anal interradial is on a line with the first primary radials and 
has three nodose plates resting on it above. 

In some of the specimens all of the dorsal as well as all 
of the ventral plates are nodose, almost spiniferous. In other 
specimens the basals, first radials (but not the second), the 
axiliary plates, first interradials, four of the anal interradials 
and most of the vault plates are nodose. * The three basal plates 
form an expanded rim. The base of the proboscis is mod- 
erately strong. Stem large. Arms and pinules unknown. 
Basal perforation small. Arm openings about 20. The speci- 
men figured is of medium size as one of the types is nearly 
twice as large. 

It occurs in the basal layer of the Upper Burlington lime- 
stone at Louisiana, Mo., associated with Granatocrinus mag- 
nibasis, Schizoblastus sayi, Codaster grandis and Cactocrinus 
glans. Our species bears a superficial resemblance to Bato- 
crinus pistillus. Fig. 5, Plate 4, Part III, Revision of the 
Palaeocrinoidea by Wachsmuth and Springer, is a drawing cf 
a natural cast from chert of this species and not of Dory- 
crinus missouriensis, as stated by W. & S. 
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Agaricocrinat loaitianentit, (nov. sp.) 

Figs. 42-43. Basal and lateral views of a small specimen, natural 
size. 

Fig. 44. Lateral view of a large specimen, natural size. 

The calyx is flat or decidedly concave in the largest speci- 
mens. The basal plates are concave. The first radials are 
wider than long. The second radials are nearly twice as 
wide as long. Third radials much wider than long. All of 
the radials have a strong central ridge-like node and the inter- 
radials are almost wart-like. All of the vault plates are nodose 
and the central one larger than the rest. Anal opening small. 
Arm openings ten in number. 

This species differs much from any other species described 
from the Lower Burlington limestone and in its concave base 
approaches more nearly Upper Burlington forms. 

It comes from the very base of the Lower Burlington 
limestone at Louisiana, Mo., and is found associated with 
Batocrinus calvini, Platycrinus corbulifomns and Actino- 
crinus (Cactocrinus) puteatus. 

Granatocrinus sp.l 

Fig. 45. Side view of a specimen, natural size. 

This fossil comes from the same horizon as G. aplatus and 
may be a variety of that species. It is, however, more elon- 
gate, with more convex base, with less strong surface gran- 
ules and is much larger than any specimen of that species. It 
may be G. neglectus, but differs in minor details from the 
published description of that little known species. 



Explanation of Plate, 
Cadaster Iceviculus (nov. sp.). 

Fig. I. Side view of the body, natural size, with ambulacra re- 
moved showing hydrospire slits. 

Fig. 2. Side view, natural size, of a small specimen. 

Fig. 3. Side view of a large individual. 

Fig. 4. Similar view of a specimen with the tips of the ambulacra 
removed. 

Fig. 5. A large individual with the ventral surface turned toward 
the observer, showing two spiracles. 
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Codaster gracillimus (Rowley & Hare). 
Figs. 6 and 7. Side views of two different specimens, natural size. 
Fig. 8. Top or ventral view X 2, 

Codaster grcmdis (Rowley & Hare.) 
Figs. 9 and 10. Lateral and ventral views, natural size. 
Fig. II. Side view of a smaller specimen. 

Granatocrinus calycinus (nov. sp.). 
Fig. 12. Lateral view of a specimen, natural sixe. 
Figs. 13 and 14. Side and top views, two diameters, 

Granatocrinus aplatus (Rowley & Hare). 
Figs. 15, 45 (?), 19 (?). Large specimens, side view, two diameters. 

Eretmocrinus nodosus (nov. sp.). 
Fig. 17. Side view, natural size. 

Batocrinus ( f) springeri (nov. sp.). 
Fig. 16. Side view, natural size. 

Codonites {f) inopinatus (Rowley & Hare), 
Fig. 18. Side view, two diameters. 

Codonites whitii f (Hall). 
Fig. 20. Side view, natural size. 

Dorycrinus Pentalobtts (nov. sp.). 
Figs. 21 and 22. Side and basal views, natural size, 

Granatocrinus Stella (nov. sp.). 
Figs. 26, 27, 28. Basal, ventral and lateral views, natural size, 

Pentremites bennedicti (nov. sp.). 
Figs. 29, 30, 31. Side views, natural size of three different sizes. 
Fig. 32. Top view, twice natural size. 

Granatocrinus spinu lifer us (nov. sp.). 
Figs. 33, 34. Lateral and ventral views, a little enlarged. 
Fig. 35. Basal view X 2. 

Troostocrinus f dubius (nov sp.). 
Fig. 2f^, Lateral view of a large specimen, natural size. 
Fig. 37. Ventral view X 2. 
Fig. 38. Basal view, 3 diameters. 

Stribalocystis {?) elongattts (nov. sp.). 
Fig. 39. Side view, natural size. 

Stribalocystis missonriensis (nov. sp.). 
Figs. 40, 41. Lateral and basal views, natural size. 

Agaricocrinus louisianensis (nov. sp.). 
Figs. 42, 43. Side and basal views of a small specimen, natural size. 
Fig. 44. Side view, natural size of a large specimen. 
These figures should have been numbered 23, 24, 25. 
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GOLD-BEARING LODES OF THE SIERRA COSTA 
MOUNTAINS IN CALIFORNIA. 

By O. H. Hut8HET» Bragdon, Califonia. 

Area Discussed. 

The Sierra Costa mountains consist of a series of high, 
ragged peaks, constituting a lofty central or nucleal portion 
of the Klamath mountain system of northwestern California. 
Geologically, they are quite distinct from all surrounding 
mountains. Beginning at Castle Crag, about 15 miles south- 
west of Mt. Shasta, they trend off toward the southwestward 
for a distance of about fifty miles, ending in the extremely 
scenic granite range of the Cariboo. The width varies be- 
tween fifteen and twenty miles. They are bounded on the 
northeast by the deep and comparatively narrow depression of 
the Sacramento valley. They terminate on the southeast in an 
abrupt descent of the general surface to a lower mountain 
country and newer strata, with evidences of a profound fault 
along the boundary. On the northwest is a series of depres- 
sions (because of newer and softer strata) of which Scott's val- 
ley in Siskiyou county is an important portion. On the south- 
west the country drops off rather rapidly to the lower moun- 
tains of the coast section. Thus ihey come to occupy the 
northwestern corner of Shasta county, and the northeastern 
and north-central portions of Trinity county, with a narrow 
strip along the ^uth line of Siskiyou county. 

Topography. 

These mountains are characterized by sharp, isolated peaks 
rather than by prolonged ridges. A score or more of peaks 
attain an altitude exceeding 7,000 feet A. T. Tamarack peak 
en the northeast, reaches 7,500 feet ; Billy's peak, midway of 
the range, has 7,200 feet ; Granite peak, on the southeast (and 
immediately overlooking a country whose mountains attain 
only 3,700 to 4,000 feet) exceeds 8,000 feet; while the bare 
granite peaks of the southwest carry their summits to a still 
higher level, Mt. Courtney reaching about 8,500 feet, and 
Kerr's peak of Mt. Thompson, 9,345 feet above the sea, this 
latter being the highest point of the whole so-called "Coast 
range" of California and Oregon. 
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From the crags and pinnacles of the peaks, long rocky 
slopes descend steeply to lower mountains forming "shoulders" 
to the main masses, and from these again, very steep slopes 
descend to the bottoms of narrow, boulder-strewn gulches, 
whose altitude varies between 2,500 and 5,500 feet A. T. Un- 
like most of the gulches, the glaciated heads of the main val- 
leys are broad and open, with boulder-strewn "meadows" and 
liny tarns. The higher altitudes are cold and barren, the 
slopes are partly timbered and partly covered with a chaparral 
of manzanita and ceanothus, and the gulches are dark and dis- 
mal from a heavy growth of fir and spruce timber. 

Stratigraphy. 

Aside from the intrusive rocks, four great formations are 
represented in the Sierra Costa mountains. 

The Basement Crystalline. — The oldest rock exposed in 
northwestern California is a coarse aggregate of well- 
formed crystals of dark green and black hornblende, 
embedded in a mass of crystalline white feldspar, 
with occasionally some white quartz. It is local- 
ly known as "picrolyte," but seems most closely related to 
the syenytes. It is remarkable for its coarse texture. Great 
bodies of it are crystallized on a scale of one-half inch, while 
distinct individuals of hornblende six inches in length are not 
uncommon. It grades thence down into fine-grained rocks, 
some of which resemble dioryte, while others are a true syenyte 
with pink orthoclase, black hornblende and white quartz. 

This basement crystalline is a highly metamorphic igneous 
formation of very ancient age. It is massive in structure and 
seems to form the foundation rock of the \^hole range of moun- 
tains. Its normal position is always under the serpentine, 
from which I infer that it is of greater age, although I have ob- 
served indistinct traces of syenyte dikes passing upward into 
the serpentine. As it forms great mountain masses, its thick- 
ness must be thousands of feet. 

The Serpentitie Formation.-The great body of this member 
of the stratigraphic series is a very fine-grained or macrosco- 
pically amorphous and structureless, dark green and black ser- 
pentine. Certain belts of it have been converted, by a powerful 
shearing stress, into a lighter green, schistose serpentine, the 
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surface of whose curved planes is highly polished and displays 
the beautiful oil-green of typical serpentine. Another phase 
of the same action has produced veinlets of chrysotile, which 
are in places quite numerous. 

The serpentine belts, or so-called "dikes'* of this region^ 
constitute one great formation, about 2,500 feet thick, whose 
normal position is above the coarse crystalline and under the 
mica schists, from both of which it seems to be separated by a 
sharp line, particularly from the latter. It represents the ex- 
tremest stage in regional metamorphism, and was originally a 
sedimentary, probably an argillaceous dolomyte. It is much 
older than the schist series. 

The Mica Schist Formation, — This is composed of thin 
folia of muscovite of dull colors such as gray, light brown, 
yellow and dull red, separated by irregular layers of white 
quartz, representing the original laminae. It is often highly 
contorted. In certain belts the quartz predominates to such an 
extent as to cause it to outcrop like great veins of very glassy, 
white and dark blue quartz. The relatively great amount of 
this primary quartz is particularly characteristic of this for- 
mation. There are, also, in places, thin folia of hard blue crys- 
talline limestone, sometimes thickening and clearing to a beau- 
tiful marble. The foliation of the formation is parallel to the 
top and bottom and in general to the original lines of strati- 
fication. It is a highly metamorphosed sedimentary, but yet 
represents a stage of metamorphism much less advanced than 
the serpentine. This dynamo-metamorphism has affected the 
entire formation to about an equal degree as the schist is es- 
sentially alike at all its outcrops. Its thickness in the Sierra 
Costa mountains is about i ,000 feet. 

Tfie Hornblende Schist Formation, — The preceding forma- 
tion grades upward through a transition series, several hundred 
feet in thickness, made up of black graphitic and light green 
chloritic schists, into a great formation of hornblende schist, 
probably 2,500 feet in average thickness. This consists of 
elongated crystals of dark green and black hornblende in folia, 
separated by irregular thin layers of white quartz. Although 
its structure is distinctly schistose, it has often been identified 
as dioryte. It is moderately fine-grained, and its general color 
is a dark green. Certain layers are highly calcareous, abound- 
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ing in curious contorted folia of crystalline limestone, even in- 
creasing to one- and two-foot layers of impure marble. This 
hornblende schist contains more lime and less quartz, than 
the mica schist. It represents the same degree of dynamo- 
metamorphism as the latter. Indeed, I believe the entire 
schist series to be of practically the same age, relative to the 
other formations, and to have had the same subsequent history. 
A slight difference in the constitution of the upper and lower 
portions of the original sedimentary (shales and shaly sand- 
stones) caused the present observed difference in the results 
of the metamorphic action. 

The schist series here described is older than the Carboni- 
ferous black schistose slate of the Scott's valley area, and prob- 
ably represents a portion of the Silurian period of geologic 
time. 

Structure, 

Upon a hasty reconnoisance the structure of the Sierra 
Costa mountains appears extremely complicated; but a more 
thorough study will demonstrate that, as compared with the 
same formations in the Sierra Nevada region, these mountains 
are constructed on a simple plan. Broadly generalizing, they 
consist of a broad structural elevation or "plateau," occurring 
on the southeast and occupying two-thirds of the area of the 
range, with a short, almost precipitous descent on the south- 
east, and a long slope on the southwest to the axis of a great 
syncline occupied by the Carboniferous schistose slates of the 
Scott^s valley region. The strata everywhere dip at a high 
angle, often being nearly or quite vertical, and outcrop in long 
narrow belts of comparative regularity, parallel to the axes of 
the folds and approximately so to the planes of the major 
faults. 

From the Sacramento valley to that of the main Trinity 
river the strike of the strata and the trend "of the axes of the 
folds is east-northeast to west-southwest. Then they bend 
round to nearly westerly, which is maintained only for a few 
miles, when there is a rather sharp change to a nearly due 
north-south direction; farther south, toward Weaverville aud 
Junction City, this changes to a southeasterly course, in con- 
formity with the general northwest-southeast strike of the 
strata in the country south and southwest of the Sierra Costa 
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mountains. This radical change in trend of the axes in so 
short a distance is a rather singular feature of the structure of 
these ancient mountains. 

Folds, — The structural "elevation** above mentioned con- 
sists of two great anticlines with a deep narrow syncline be- 
tween. At the foot of the mountains on the southeast, the 
formation next the Jurassic diabase and black slates of the 
lower mountain country, is almost invariably a belt of serpen- 
tine. The basement crystalline or so-called "picrolyte" rises 
rapidly from under the serpentine to form the axis of the first 
anticline which rises high above the adjoining black slate coun- 
try. This "picrolyte" forms the summits of some of the hig^h- 
est peaks, attaining an altitude of at least 7,500 feet. The 
amount of elevation of the strata in the axis of this anticline 
it at least 8,000 feet, and its width averages between four and 
six miles. 

Another line of "picrolyte" peaks to the northwest, marks 
the axis of the other anticline, which is in every respect similar 
to the first. Between the two anticlinal folds, the synclinal 
trough is occupied by serpentine, with diabase and other intru- 
sives in great masses along the axis. Toward the Sacramento 
valley, the depression of the strata. in the trough is so great 
that portions of the Jurassic formations appear in it ; toward the 
southwest, beyond the main Trinity river, the syncline be- 
comes shallower, the bounding anticlines lower, and the whole 
elevated belt displays mainly serpentine (the granites are not 
here considered). 

On the northwest of the second anticline, the serpentine 
again appears, overlying the "picrolyte" and dipping steeply 
away from it. By the continued descent of the strata toward 
the axis of the great Scott*s valley syncline, the schist series is 
brought in and this in turn gives way, along the northwestern 
base of the Sierra Costa range, to the Carboniferous terranes. 
The schists appear nowhere in the range except on the western 
slope of the second anticline, where they outcrop in a north- 
south belt several miles in width, extending from the Upper 
Coffee creek district across the head of Swnft creek, Salmon 
river and Stuart's Fork, and emerge from the range near 
Weaverville. The line indicated is the site of the greatest 
mineral belt of Trinity county. 
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Faults. — There are many minor faults, but only three of 
sufficient importance to deserve mention here. The Trinity 
Centre Fault is that which bounds the range along its entire 
southeastern side. On the southeast are the Jurassic diabase 
and black slates lying at levels between 2,000 and 4,000 feet 
above the sea. On the northwest, the serpentine and 
"picrolyte," rise abruptly to altitudes of 7,000 and 8,000 feet A. 
T. The change from the lower to the higher mountain country 
is so sharp that it cannot be charged wholly to folding. Un- 
doubtedly there has been faulting to the extent of at least sev- 
eral thousand feet. Over 5,000 feet of schists and slates are ' 
due between the serpentine and Jurassic diabase, but 1 charge 
the hiatus upon pre- Jurassic erosion rather than upon faulting, 
as I have noticed evidence in other districts that the diabase 
is, in som^ places, normally present immediately over the ser- 
pentine. Yet there remains sufficient evidence to demonstrate 
that a profound fault actually exists along this line. The con- 
tact is rarely well exposed, but I have seen it in several places 
where the strata are crushed, and schistose bands produced, as 
in other faults of northwestern California. 

The Upper Coffee creek district possesses two prominent 
faults, whicli are of great importance because the rich gold- 
bearing belt of that region lies mainly between and including 
them, and seems, in some way, dependent on these great 
breaks in the strata. Hence, I will describe them in some de- 
tail. 

Immediately northwest of the line of "picrolyte" peaks, 
which marks the axis of the second anticline, there is one of 
the so-called **dikes** of serpentine. This stands nearly ver- 
tical, with a slight inclination to the westward. On its west- 
ern side is a narrow belt of dark green hornblende schists dip- 
ping steeply to the east and hence toward the serpentine. 
Along the contact, both serpentine and schist have been crush- 
ed and the former in places converted into a schist, which, by 
metasomatic action, has been altered to a talcose schist. Con- 
tract-metamorphism is very distinct along this line and leaves 
no doubt that faulting has occurred. This is corroborated by 
the dip of the schists toward the serpentine instead of away 
from it as they do when in normal position ; the plane of the 
fault cuts them at a high angle. Furthermore, in following 
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the contact from one level to another, we find the hornblende 
schist in place next the serpentine near the summit of the 
ridges and peaks, while at lower levels, the graphitic and 
chloritic schists adjoin the serpentine, and finally the mica 
schist forms one wall of the contact. Toward the south, all the 
formations rise, and where the fault crosses the head of Swift 
creek, the walls are both of serpentine at lower levels, with a 
sharp wedge of mica schist on the west of the contact at higher 
levels. Along the ten miles that I have traced this eastern or 
Keating fault, the displacement of the strata amounts to be- 
tween i,ooo and 2,000 feet, with upthrow always on the east. 

The western or Lawrence Fault occurs about one-half mile 
west of the other, is parallel with it, and is very similar in 
geologic features. Throughout its course, as traced, of over 
ten miles, it displays an upthrow on the east of between 1,000 
and 2,000 feet, the eastern wall of the contact being serpentine 
at lower and middle levels, and north of Pin creek mica schist 
at the higher altitudes. On the west are the mica and horn- 
blende schists ; these, at some distance from the fault, have a 
normal dip westward toward the Carboniferous schistose slates 
of the Salmon river country, but near the fault, they are re- 
versed, dipping steeply eastward, and hence cut off at a high 
angle by the break in the strata. 

Generalizing the preceding, we may say that the long west- 
ward normal slope of the strata in the Upper Coffee creek re- 
gion is interrupted by two long breaks or faults, the block of 
strata between which has been compressed and tilted eastward 
so as to reverse the normal dip of the strata. This was one 
phase of the same mountain-building action which produced 
the great folds, and its age may be referred to a time between 
the close of the Jurassic and the latter part of the Cretaceous 
period. 

Tntrusives. 

The territor)' of the Sierra Costa mountains is characterized 
by remarkably diverse systems of massifs and dikes of igneous 
or trappean rocks. The series comprises numerous repre- 
sentatives of at least eight distinct intrusions of granitic, dior- 
itic and diabasic material. The remarkable feature of their 
occurrence is that although so radically different in composi- 
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tion, all but one belong to about the same period of time, name- 
ly, the early Cretaceous. 

The Courtney Gra?iite. — The entire range of the Cariboo, 
including the highest peaks of the Sierra Costa mountains 
(Kerr's peak, 9,345 feet A. T., Mt, Courtney, 8,500 feet A. T,, 
etc.), is one great mass or batholite of very coarse-grained, 
light gray, biotite granite, perhaps as much as five nliles in 
width and ten in length. Along its borders it is overlaid by 
the schist series, but is clearly an intrusive of much later date. 

Grano-dioryte. — Scattered among the mountains eastward 
from the Courtney granite, are small batholiths and dikes of 
a radically different variety of granite. It is finer in grain, a 
darker gray in color, and everywhere contains a large constitu- 
ent of black hornblende. It is the rock which forms the great 
granite massifs of the Sierra Nevada region, and the Montara 
granite of the San Francisco peninsula. From its composi- 
tion, being midway between that of a true granite and a dioryte 
it is commonly designated grano-dioryte. 

There are several granodioryte mountains in the Sierra 
Costa region. I am informed that the picturesque ridge, Castle 
Crag, a great object of interest along the California and Ore- 
gon railroad^ is of this rock. In the lower Coffee creek dis- 
trict, there is a belt of grano-dioryte about three miles wide and 
several times as long, trending north-south, and partly form- 
ing the prominent elevation, Billy's peak. Farther south on 
the same line are other batholiths of grano-dioryte, of which 
one constitutes the high mountain known as Granite peak. On 
the high dividing ridge between the head of Swift creek and 
the south fork of Salmon river, there is a grano-dioryte massif 
probably one-half mile in width, by one mile in length, that 
is doubly interesting because of its proximity to the non-horn- 
blendic granite of Mt. Courtney, only three-fourths of a mile 
distant. 

Near the main grano-dioryte massifs are smaller bodies or 
true dikes some of which terminate in the mass of the bedded 
strata far below the mountain summits. However, it is char- 
acteristic of the granites of this region that they are in masses 
of relatively great width, which appear to have forced their 
way up through the strata rather than been merely injected 
into narrow fissures formed by the ordinary orographic dis- 
turbances, as have the other intrusives. 
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Granite-porphyry, — Somewhat similar in compostion but 
yet quite distinct from* the granites, are certain dikes of a 
feldspar porphyry, locally known as **birdseye" porphyry- 
They are characterized by large distinct crystals of white felds- 
par embedded in a fine-grained mixture of quartz, orthoelase 
and plagioclase feldspar, and sometimes a little mica. Al- 
though the presence of the latter mineral is not often readily 
apparent* to the unaided eye, it is generally represented in 
widely scattered and very small foils, connecting the **birds- 
eye" porphyry with the granitic series. 

This is one of, if not the oldest of the porphyries. In the 
Upper Coffee creek district, a great dike of it, often out-crop- 
ping to a width of several hundred feet, persistently follows the 
Lawrence fault, while other dikes occur at a short distance on 
either side. I am strongly inclined to consider the granite- 
porphyry of this area as of the same age as the folding and 
faulting of the stratigraphic series and possibly slightly older 
than the grano-dioryte and Courtney granite. Its dikes can be 
traced close up to the latter, but never into it. 

The **birdseye'' porphyry varies much in texture and even 
in composition. One variety of it contains, in addition to the 
large white feldspar cr>'stals, distinct, needle-shaped cr^^stals of 
black hornblende which often cross each other near one end at 
an acute angle, giving rise to the miners' names of *'bird's-foot" 
porphyry, **crow's-foot" porphyry, or even "turkey-foot" por- 
phyry. Dikes of this variety generally occur to one side of the 
main granite-porphyry dikes, and may be the result of a differ- 
entiation of the same magma, although of slightly different 
age. 

Pegmatyte. — Dikes of a white, muscovite granite occur in 
the Courtney granite and the adjoining hornblende schists at 
the head of the south fork of Salmon river. They are cut by 
diroyte-prophyryte and diabase dikes, but are distinctly young- 
er than the true granite and grano-dioryte of the same region. 

Qtmrtz-porph}r)'tc ,— In the Upper Coffee creek district 
there are narrow dikes of a rock of \vhite color, fine grain and 
a general appearance like quartzyte. That they are not a meta- 
morphosed sedimentary is proved by their occurrence in dike- 
like masses of irregular width, distinctly cutting the lines of 
original stratification in the schists. Furthermore, they are 
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found both in the schist series and the serpentine, and are not 
always parallel to the strike of the strata. Their identification 
as intrusives is further strengthened by their variation from an 
apparent homogenous, fine-grained white quartzyte, to a true 
porphyritic character by the appearance of crystals of feldspar 
or of hornblende, or more often by the separation of some of 
the free quartz into distinct crystalline individuals. As several 
of these quartz^^te-like dikes carry gold in certain mines, they 
are of considerable importance to the student of mining geol- 
ogy. 

Dioryte, — Under this heading I include a rather coarse- 
grained aggregate of distinct crystals of dark green and black 
hornblende and plagioclase, constituting a crystalline of gray 
and greenish gray color which occurs in large masses of ir- 
regular shape along a belt following the southeastern slope of 
the Sierra Costa mountains eastward from the main Trinity 
river, being apparently intruded into the serpentine near its 
junction with the so-called "picrolyte." By the addition of 
free quartz and the replacement of the plagioclase by ortho- 
clase, it becomes a typical syenyte which appeai-s as dikes in 
the serpentine and, I think, in the "picrolyte." I am incUned to 
consider this dioritic and syenitic series of intrusives as the 
deep-cooling portion of the great diabase and porphyryte for- 
mation of the Jurassic area nearby, but cannot as yet prove 
this connection. However, it is nearly certain that they be- 
long to a much earlier period of volcanic activity than that of 
€arly Cretaceous age to which the granites are referable- 

Dioryte-porphyryte, — Two distinct systems of intrusives 
come under this heading. One is characterized by needle- 
shaped crystals of dark green and black hornblende embedded 
in a fine-grained aggregate of hornblende and plagioclase in- 
dividuals. The general color of the rock is dark greenish 
gray to black. It constitutes a series of dikes which have a 
prevailing east-west course in sharp contrast to the prevailing 
north-south course of nearly all the other trappean systems of 
the region. It is younger than the granitic series; it cuts the 
granite-porphyry and the pegmatyte dikes of the Upper Coffee 
creek region, but its relation to other systems is not yet clearly 
worked out. 

There is another and apparently later system of dikes of 
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dioryte-porphyr>'te. This is a very fine-grained crystalline 
of dark gray color, easily decomposed into a dark brownish 
sandy mass from which it has received the miners' name of 
"sand porphyry/* It is not largely represented either in 
large or as numerous dikes, but as it occurs in a significant 
relation to several of the richest gold-bearing lodes, its im- 
portance is out of all proportion to its bulk. Although so 
nearly related in composition to the dioryte-porphyryte 
characterized by hornblende needles, it forms quite a dis- 
tinct system of, I believe, considerably later age. Indeed^ 
it seems to be the latest of the intrusive and may be as re- 
cent as the mineral veins with which it is generally con- 
nected- 

Diabase, — Great masses of fine-grained, light greenish 
gray diabase occur along the axis of the Cinnabar synclinal 
east of the main Trinity river, where they may be a portion of 
the Jurassic diabase folded into the serpentine and '^picrolj'te" 
series. There are true dikes of a similar diabase in the Upper 
Coffee creek region, occurring as narrow, vein-like sheets in 
the Courtney granite, and the other rocks of the district. They 
are newer than the entire granitic series, but their rdation to 
the dioritic series is obscure and not yet determined. How- 
ever, they are certainly much later in age than the Jurassic 
diabase, thus demonstrating that, in northwestern California, 
there was more than one period of diabasic intrusions. 

Physiography, 

The remarkable correspondence in hight of all the principal 
peaks throughout the Sierra Costa region, is suggestive of the 
idea that they are remnants of an ancient peneplain. That such 
a base level of erosion is due at or a little above their summit- 
plane is evident from a study of the character of the drainage 
system. Except to a very minor degree, the streams are ab- 
solutely independent of the structure of the mountain forma- 
tions. For instance. Coffee creek rises on the western slope of 
the second or western anticlinal, flows northwardly along that 
.slope, then turns at a sharp angle and makes its way obliquely 
across the whole width of the structural "elevation," with its 
two sharp anticlines and deep Cinnabar syncline. Indeed, 
most of the large streams, including the East fork, the main 
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Trinity river, Swift creek and Stewart*s fork, rise on the north- 
western side of the anticlines and cross those structural 
"ridges.*' Hence, they cannot be consequent on the structure. 

Now, if we draw a plane through the mountain peaks, we 
reconstruct a supposed ancient plain of denudation of, say, Cre- 
taceous age. This will have an elevation in the country east of 
the main Trinity river of 7,200 to 7,500 feet, sloping gently 
southeastward. Southwestward from that stream, it will rise 
at a low angle, attaining a maximum exceeding 9,000 feet in 
the vicinity of Mt. Thompson of the Cariboo granite range. If 
we compare the present drainage system with the contours of 
the reconstructed plain, we shall find a significant dependence 
of the former on the latter. We shall see that the streams ra- 
diate outward from the highest portion of the supposed pene- 
plain in the Cariboo region, and farther east, flow directly 
down the slope of the ancient plain. Therefore, it seems evi- 
dent that the drainage is consequent upon the deformation of 
an uplifted and practically destroyed peneplain which was 
formed by the denudation to near sea-level of a high mountain 
system due to post-Jurassic folding and faulting. For reasons 
not necessary to detail here, I consider this to have been of 
Cretaceous age, and to have been destroyed by uplift and 
stream dissection at about the opening of the Tertiary era. 

The Miocene base-level (corresponding to the peneplain of 
the Sierra Nevada foot-hills region) occurs 3,500 feet below the 
Cretaceous peneplain level. It is difficult to detect it within 
the limits of the Sierra Costa mountains, but on the southeast, 
an old river deposit or high-level channel of Miocene age oc- 
curs at an altitude of about 3-500 feet A. T. Since its aban- 
donment by the ancient Trinity river, valleys 1,000 feet in depth 
have been eroded beneath its level. In the Sierra Costa region, 
certain "shoulders'* on the slopes of the high mountains may 
represent this old Miocene base-level. 

The Mining Districts. 

Three mining districts, situate in the Sierra Costa moun- 
tains, are to be briefly described and discussed in this paper. 

I. The Tamarack district, at the foot of Tamarack peak, 
on the Trinity-Shasta line, about six miles northeast of the vil- 
lage of Cinnabar. The formations here are mainly the so- 
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called "picrolite," serpentine, schist, diabase and black slate. 
The principal mine is The Boulders. 

2. The Lower Coffee creek district, situate in the grano- 
dioryte batholith about 5 miles above the mouth of Coffee 
Creek. The mines are all grano-dioryte. This district is char- 
acterized by the general absence of free gold, although the ores 
are rich. The Golden Jubilee, Wagner and Burner mines are 
the principal ones, with a half dozen or more promising ''pros- 
pects" in the near vicinity. 

3. The Upper Coffee creek district, situate about 8 miles 
farther west, crosses the Coffee creek valley in the vicinit>' of 
the Nash store and well-known placer mine, trends thence 
nearly due south by way of the head of Pin and Union creeks, 
then follows the main divide between the South fork of the 
Salmon river and the head of Swift creek. It has been traced 
throughout a distance of 10 miles and has a width varying be- 
tween one-half and one mile. The veins are very dissimilar, 
and the gold occurs in all the formations of the district, includ- 
ing serpentine, mica and hornblende schists, and the various 
intrusives including grano-dioryte. The principal mines are 
the Hardscrabble, Dorleska, and Blue Lead-Iowa, with a 
score or more of promising "prospects." As this is the coming 
great mining district of northwestern California, I shall discuss 
it in more detail than the others. 
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The Boulders.— K 4 to 20-foot vein of sacharoidal quartz of very fine 
texture and a nearly pure white color, occurs near the junction of 
serpentine and the underlying **picrolite/' The vein trends to east- 
northeast and dips steeply to the south with the dip of the strata. A 
fault has occurred along this line and by the shearing action, a belt 
of the serpentine has acquired a schistose structure, part of which by 
inetasomatic action has been converted into talc schist. This schist 
band always accompanies the main vein, and contains irregular 
stringers of gold-bearing quartz. Along the fault-plane has been 
injected a narrow dike of dioryte-porphyryte of the later system, 
which in places, carries gold to a value of $1.50 per ton. On the 
slope of Tamarack peak, a great land-slip along the schistose band 
has broken away the quartz vein and scattered its huge fragments 
or "boulders" over the mountain side below. The accidental dis- 
covery, some years since, that these were very rich in free gold (some 
assaying over $500 per ton), occasioned great excitement in the vicin- 
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ity, and this has been a Mecca for prospectors ever since. A tun- 
nel driven northerly 700 feet into the land-slip presents evidence, in 
the pressing in of the lagging on the east side, that the material of 
the "slide" is settling toward the west or at a right angle to the 
slope of the mountain. 

The Golden Jubilee — A north-south belt in the grano-dioryte, ten or 
twenty feet in width, has been crushed through faulting, and into this 
broken material has been injected an irregularly branching, narrow 
dike of dioryte-porphyryte of the later system. The belt of crushed 
grano-dioryte contains auriferous pyrite disseminated through it, con- 
stituting it all "milling ore." Across a section of the belt, 18 feet 
wide, an averaged sample assayed $16 per ton. In certain ochre seams 
and bunches there is a concentration of the values to $1,000 and $2,000 
per ton. There is along the "ledge" more or less of white quartz, 
but it is of low grade. The "ledge" of crushed grano-dioryte is 
bounded by distinct walls which show recent movement, being pol- 
ished and striated. That movement is in progress at the present 
day is proven by a dislocation along one polished seam, amounting 
to about three-fourths of an inch in less than two years. 

The Dewey, — Along a north-south dike of dark green dioryte-por- 
phyryte in grano-dioryte, there has been faulting, crushing the rocks 
along a narrow belt and forming a fissure in which has been de- 
posited a I to 25^-foot vein of white, milky ribbon quartz carrying 
auriferous pyrite. On the "pay shoot," quartz and adjoining crushed 
grano-dioryte carry free gold to an average value of $8 or $10 per ton, 
but the concentrated pyrite assays up to $500 per ton. 

The Bumermine, — This has a regular vein of white ribbon quartz in 
grano-dioryte (course northeasterly), but it is of such low grade as 
not to be milled. In the accompanying belt of crushed grano- 
dioryte, decomposed pyrite yields gold to the extent of $20 to $25 per 
ton of ore extracted. Narrow, vein-like dikes of greenish-gray dioryte- 
porphyryte occur in the mine-workings but do not accompany the 
quartz vein. 

The Wagner mine, — Along a faulted belt in the grano-dioryte trend- 
ing northerly and southerly, there is a persistent seam of ochre which 
is auriferous to a high degree. There is also a vein of white ribbon 
quartz of lower grade. 

It IS a feature common to all the mines in this district that 
the veins of quartz are very low -grade, while the main values 
are found in iron-stained belts of crushed grano-dioryte pro- 
duced by faulting and subsequent mineralization from waters 
ascending along these lines of weakness in the rock. The re- 
verse appears to be true in the similar districts of Grass Valley 
and Nevada City, in the Sierra Nevada region, where it is the 
white ribbon quartz that carries the gold, while the pyrite in 
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the neighboring portions of the country-rock is only to a very 
slight degree auriferous. 

The Hardsc rabble. —X 350- foot belt of hornblende schist along the 
Keating fault in the Upper Coffee creek district, has been crushed 
by the shearing of the rocks, and mineralized by percolating waters. 
The crushed schist is heavily stained with iron in places, abounds in 
auriferous ochre seams and bunches, and is seamed with veins and 
veinlets of bluish-gray granular quartz. The quartz carries free gold 
to the extent of $10 to $50 per ton, but the ochre seams are richer. 
In places, there is gold disseminated through the broken schist to 
values of $5 to $10 per ton. Wherever the faulting is most appar- 
ent, the gold is most concentrated. The veinlets of quartz increase 
in value toward the serpentine and the richest appears to be in the 
very contact-plane. 

At another place on the same claim, a large white dike of quartz- 
porphyryte contains oxide of manganese in cracks and cavities, and 
carries gold throughout it to the extent of making it a milling ore. 
On the east side of the dike, faulting has crushed the schist into 
gouges which, in places, contain bunches or **pockets*' of extraor- 
dinarily rich ore, some going $6,000 per ton. There is gold in con- 
nection with this Keating fault along the entire length of this 1,500- 
foot claim, and the same auriferous formations extend north on to the 
Westonia location, and south along the faulted belt a distance of at 
least a mile and a half. 

The Mocha-Java,— \n the serpentine, a short distance east of the 
Keating fault is a north-south dike of fine-grained, greenish-gray 
rock, apparently a diabase. Accompanying it is a dike of quartz- 
porphyryte, of white color and a close resemblance to certain quartz 
veins. Both dikes carry free gold, especially the diabase, assaying 
to the value of $250 per ton, and in hand specimens displaying par- 
ticles easily seen with the unaided eye. 

The Forest Queen,- -Two miles north of Coffee creek, the large dike 
of granite-porphyry which accompanies the Lawrence fault, is cut 
by an east-west vein of white ribbon quartz, 163^ feet wide, carrying 
free gold to an average value of $8 or $10 per ton. About one-half 
mile farther south on the same dike, a recent discovery indicates that 
the granite-porphyry contains a high value in gold disseminated 
through it from one side to the other of the dike. There is here no 
vein-quartz. Still farther south on this same Lawrence fault, shear- 
ing has crushed the serpentine and schists along the dike of granite- 
porphyry, and percolating waters have richly supplied with gold both 
crushed country-rock and veinlets of ribbon quartz, formed in irregu- 
lar fissures. 

The Gold Bug.~'\\)\% is one of several parallel veins, including the 
Golden Eagle location, the Klondike and Hamlet's Ghost, having a 
course northeast to southwest, and cutting hornblende schist and 
grano-dioryte. They are 6-inch to 3-foot veins of white ribbon quartz 
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which contain from $5 to $40 per ton in free gold. They trend 
obliquely away to the westward from the granite-porphyry dike men- 
tioned above, and the tenure of the ore decreases away fr-om the fault 
— the main *iead" of the district These veins do not mark the sites 
of any prominent faults, but all show decided vertical movement along 
their planes. 

The NellU Frances, — Between the two great faults, on the south of 
Coffee creek, a north-south dike of granite-porphyry cuts a belt of 
serpentine. Faulting along the western wall of this dike has crushed 
the serpentine in a narrow belt and produced a gold-bearing gouge. 
I have no means of knowing the value of the ore, except that the 
owner has panned from it two cents to $2.00 per pan. 

The Dorleska, — This rich mine is on a north-south vein of white 
quartz, i to 2j4 feet in width, which occurs in the serpentine a short 
distance east of the large granite-porphyry dike in the Lawrence 
fault near the head of Union creek. Along the vein there has been 
faulting and consequent shearing of the serpentine into schist. The 
gold is contained in all the crushed material. Ocherous bunches of 
irregular shape are said to carry platinum, in one place to the extent 
of 14 ounces per ton, but this I could not verify. The white quartz 
is very rich in gold, much of which is free, but more is contained in a 
combined sulphide of lead and telluride of gold, a mineral resembling 
fine-textured galena, and locally known as nagagite. During this sea- 
son, ore valued at $5,000 per ton has been sacked for shipment at this 
mine. 

On the Trinity- Siskiyou divide, just above the Dorleska mine, the 
300-foot dike of granite-porphyry in the Lawrence fault contains free 
gold disseminated through it, and from the schistose belts on either 
side good "prospects" may be obtained with the pan. 

The Yellow Rose of Texas,— A dike of a peculiar variety of granite- 
porphyry containing needle-shaped crystals of black hornblende 
("bird*s-foot porphyry") cuts the serpentine a few score yards east 
of the granite-porphyry dike in the Lawrence fault, with which it is 
parallel. Along its eastern wall, faulting has converted the massive 
serpentine into talcose and serpentine schists, and produced a fissure, 
subsequently filled with white quartz. The quartz is very rich in 
free gold, and even the schist band contains sufficient of it to make 
much of it a milling proposition. The B. V. mine is on this same 
lead, one-half mile farther north, and yields gold in quartz and schis- 
tose serpentine. 

The Great lVestem.—Y2L\i\i\ii% along and through a north-south 
dike of granite -porphyry in the serpentine east of the Lawrence fault, 
has produced alternating bands of talc schist and crushed porphyry 
all of which carry gold, especially certain narrow seams of clayey 
matter which represent the extreme of the crushing action. 

The Blue Lead-Iowa. — This rich mine it typical of those having 
much free gold in talc schists and gouges, while quartz is relatively 
unimportant and there is no persistent vein. Within the massive ser- 
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pentine, midway between the Lawrence and Keating faults, shearing 
along a line of faulting has produced a seam or belt of talc and ser- 
pentine schists, 40 feet in width. This carries gold in paying quan- 
tities from wall to wall, while in places the greenish-gray crushed 
schist is rich to the extent of $2/xx) per ton. A dike of dark green 
dioryte-porphyryte of the earlier system is involved in the crushed 
belt, but passes obliquely out of it and evidently has had nothing to 
do with the presence of the gold. In the neighborhood of the main 
talc belt of the Blue Lead-Iowa, the serpentine is seamed by similar 
streaks of schistose material and they invariably '*prospect" in free 
gold. 

On the adjoining Red Swan claim, gold is found in talcose schist, 
in narrow gouges in the massive serpentine, in veinlets of chrysotilc. 
and in a dike of quartz-porphyryte similar to that of the Hardscrabble 
mine. In this case also, the white quartzyte-iike dike aboi:!nds in 
oxide of manganese (locally known as "soot**) in cracks and in cav- 
ities averaging several cubic inches in contents. A dike of dioryte- 
porphyryte of the later system cuts this quartz-porphyryte dike near 
the point where the latter appears to be richest in gold. 

Discussion, 

It is universally asked of all new districts, "Will the mines 
go down?" An intelligent reply to this question while the dis- 
trict is yet in an incipient stage of development, requires some 
knowledge of the source from which the gold in the veins was 
originally derived. As evidence tending to the solution of this 
problem, for the Upper Coffee creek district, I wish to present 
the following: 

1. The close association of the mineral belt with the two 
prominent faults (Keating and Lawrence) suggests that its ex- 
istence was largely dependent upon these great breaks in the 
strata. All the richest gold districts of northwestern California 
(except those characterized by the *'pocket" deposits), are con- 
nected with great faults. The planes of these faulted fissures 
are invariably nearly vertical, and hence the faults must de- 
scend to profound depths within the earth's crustal zone. 

2. The so-called ''ledges*' of the Upper Coffee creek district 
are faults, which may or may not carry a vein of quartz. The 
shearing action along the contact of the moving walls, has 
converted the countr>'-rock into schists, forming belts from 2 
lO 40 feet in width. By metasomatic action, a further modifica- 
tion has occurred, the serpentine schists being converted into 
talc and allied minerals. I want to emphasize the fact that even 
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when a distinct quartz vein is present, if it is gold-bearing, 
there has invariably been faulting along the fissure, I have yet 
to see a single valuable gold mine in northwestern California 
/^"pocket** deposits excepted) which is not so associated with a 
fault. The seams of schist and crushed country-rock repre- 
senting these faults, may be traced from the summit to the base 
of the mountains, demonstrating that they are not merely a 
local development, but may be depended on to go down to a 
^eat depth in the strata. Hence, it is certain that the so-called 
*iedges" may be depended on to continue down below a work- 
able distance of the surface, and the question of the permanen- 
cy of the mines narrows itself to one of determining whether 
these mineral seams are gold-bearing to an equal depth. 

3. The zones of crushed rock along the fault-planes, con- 
stituted lines of weakness in the strata, characterized by an 
open, porous texture, along which heated, mineral-bearing so- 
lutions ascended from a great depth, formed the quartz veins 
and mineralized the talcose schists and crushed rock. The pe- 
culiar modification of the rocks which these heated waters ac- 
complished is only found in connection with the faults, imply- 
ing that the mineral-bearing solutions only entered those 
breaks in the strata which descend to great depth. This is 
strong evidence that the gold was derived from below. 

4. The country-rock of the metamorphic series, aside from 
the crushed zones, is practically barren of gold, and the pre- 
cious metal could not have been derived by lateral secretion 
from the walls of the veins. Outside of the so-called **ledges" 
or crushed belts of country-rock, the strata are unleached and 
present no evidence of the mineral-bearing solutions having 
penetrated them. 

In short, the weight of evidence tends strongly to support 
the hypothesis that the gold was derived from a great depth, 
and brought up in solution by hot waters circulating only 
along the faulted fissures or porous belts. 

5. The presence of considerable quantities of gold within 
the body of certain dike recks, suggests that it was original in 
these intrusives, and supplied to the veins by leaching from the 
dikes. In the case of the large white granite-porphyry dike in 
the Lawrence fault, it is only gold-bearing when accompanied 
by the schistose bands indicating more recent faulting, and I 
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believe its auriferous contents to be due to impregnation from 
neighboring veins. Two other systems of gold-bearing dikes 
are not so easily disposed of. The white quartz-porphyryte of 
the Upper Coffee creek district appears to carry manganese 
oxide and free gold wherever it has been tested, and I am in- 
clined to believe the precious metal is present in this as a pri- 
mary constituent. Probably concentration of the gold has oc- 
curred on certain lines within the dike and along its walls, but 
mines opened on this system of dikes may be depended on with 
reasonable certainty to be of a permanent nature. The richest 
deposits in connection with the quartz-porphyryte are found in 
faulted belts along its walls. 

In the Tamarack and Lower Coffee creek districts, the 
richest veins contain, between the walls of the crushed belts, 
narrow, branching dikes of dioryte-porphyryte of the later 
system. From the fact that they have not suffered any great 
crushing, I infer that they are of the same age as the mineral 
veins. The same faulting which permitted the ascent of the 
mineral-bearing waters, admitted of their injection far up in 
the strata. They carry a little gold, but are too narrow to have 
supplied the precious metal to neighboring portions of the 
veins. Whether we consider the gold in this dioryte-porphy- 
ryte as primary in origin or not, we must acknowledge that the 
auiiferous contents of the veins, if not derived from the meta- 
niorphic rock or grano-dioryte of the walls, must have ascend- 
ed from a considerable depth. 

6. The close association of valuable mines with the contact 
between porphyry dikes and the country-rock is a matter of 
common observation in western mining districts. Except in a 
few cases, like that of the quartz-porphyryte of the Upper Cof- 
fee creek district, there is probably rather an accidental connec- 
tion between them. When the intrusives cool, they contract, 
thus tending to form a more or less continuous open space 
along one or both of their walls, which may descend to great 
depth, constituting favorite sites for the ascent of the mineral- 
bearing solutions. Again, the contact of a dike with the coun- 
try-rock is a line of weakness in the strata along which faulting 
is more likely to occur than on any other. Hence, the ob- 
served association of many cf the richest veins with the dikes is 
no proof of the derivation of the gold from the intrusives. 
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7. If the gold was derived mainly from a depth far below 
the present outcrop of the veins and faults, it is a reasonable in- 
ference that the valuable auriferous deposits will be found scat- 
tered more or less continuously along the planes of the fissures 
from the present surface down nearly or quite to the source. 
Mining operations in other districts have shown that when 
mines are opened on gold-bearing deposits situated in faults, 
they usually possess the quality of permanency. My own ex- 
perience indicates that the stability of a given mining camp is 
dependent upon the question of the original source of the 
gold. When it was derived, by lateral secretion, from the 
country-rock, the deposits are very localized in character, often 
confined to a certain level, and rarely if ever give rise to per- 
manent mines. But when it came up from a great depth, the 
mines **go down" beneath a workable distance of the surface ; 
and as the origin of most of the gold in the Upper Coffee creek 
district seems to have been of this nature, no fears need be en- 
tertained of the permanency of its mines. There is some posi- 
tive evidence on this p>oint. The occurrence of rich ore is not 
confined to one level, but ranges in altitude from 4,500 to 7,500 
feet above the sea; even on a single claim the ore-bodies may 
be traced on the mountain slopes through a vertical hight of 
500 feet. This indicates that whatever may have been the 
cause of deposition of the auriferous minerals, it did not operate 
only at one level within the strata, but deposition occurred at 
a wide range of levels, known to be as low at least, as the pres- 
ent valley bottoms, and in accordance with well-known princi- 
ples in mining geology, may be assumed to have extended 
down to a much greater depth. 

It is hardly necessary to elaborate the idea that the surface 
of the country at the time of the formation of the mineral veins 
was much above the summits of the present highest peaks, so 
that deposits which are now laid bare by erosion were then 
buried thousands of feet beneath the land surface — there is no 
connection between the present surface and the mineral de- 
posits. 

Conclusion. 

In concluding these remarks on the general geology and 
gold-bearing lodes of the Sierra Costa mountains, I will re- 
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iterate my assertion that the mineral deposits are invariably 
found in or closely connected with faults of a system much later 
than that which is represented by the great dislocations of the 
strata such as the Keating, Lawrence and Trinity Centre faults 
which are of the same age as the general folding of the meta- 
morphic strata and of the injection of granite-porphyr>' dike 
material. The gold-bearing faults are also later than all the 
intrusives except probably the newer system of dior>'te-porph y- 
ryte dikes. They are gold-bearing independently of what for- 
mation they may cut. Locality is of more importance than for- 
mation. With possibly the exception of the deposits in connec- 
tion with the quartz-porphyryte dikes, the gold was derived 
from a great depth, ascended as heated solutions, and was de- 
posited along the veins through a great vertical range. The 
age of this action was subsequent to the formation of the di- 
oryte-porphyryte dikes of the earlier system, which cut the 
Mariposa slates of late Jurassic age. The mineral veins were 
formed and the surface portion eroded before the Shasta-Chico 
series of late Cretaceous sediments were deposited. Hence, 
they belong to some portion of early Cretaceous time. 



NEW LIGHT ON THE DRIFT IN SOUTH DAKOTA.* 

By J. E. Todd, Vermillion, S. D. 

Hitherto, the writer's study of the drift of South Dakota 
has led him to consider it to belong mainly, if not entirely, to 
the Wisconsin epoch. The reasons briefly stated are as fol- 
lows : 

(a) The numerous borings made in the state for artesian 
wells, have nowhere revealed distinctly, well defined forest- 
beds or soils, such as are found in some other regions. Though 
limited sheets of sand have been found in till at certain points, 
it has not been clearly proved that they are not such as might 
have been formed by sub-glacial streams or a slight advance of 
the ice-sheet during a single period of occupation. A few 
exposures described herein in the eastern part of the state have 
thrown some doubt upon this point. 

♦The first edition of this paper was read at the 1898 meeting of the 
Iowa Academy of Sciences and pubhshed in their Proceedings for that 
vear. 
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(b) The drift in northeastern Nebraska, though suggest- 
ing previous advance of an ice-sheet, is, nevertheless, from its 
thinness and its relation to the Altamont moraine, thought to 
be due, in part, to marginal waters ; with a possible sub-glacial 
origin for a portion of it resulting from an extreme advance of 
the ice-sheet, slightly antedating that moraine. Because this 
conclusion seemed to disagree with those derived from other 
regions, the writer's results of several years' work in the Mis- 
souri valley have been withheld from publication for several 
years. ♦ 

/. Inference from the Trough of the Missouri River, — Since 
1884, it has been generally recognized that the relation of the 
outer moraine and its drainage channels and attendant deposits, 
to the Missouri river, and the narrowness of the channel of the 
latter above Yankton, with the reflection of pre-glacial topog- 
raphy in the ice movements, all indicate that the Missouri river 
was displaced from the James river valley, and forced to take 
its present course above Yankton, by the advance of the ice- 
sheet of the Wisconsin. Now the inference mentioned is this: 
that if the Missouri was so displaced by the Wisconsin advance 
(and this hypothesis certainly furnishes the best explanation of 
the known facts), then the James river valley was occupied by 
that stream previous to that time, at least during the so-called 
Kansan stage. (Possibly some of its upper tributaries may 
have discharged to the northeast in pre-glacial times.) If so, 
we can hardly conceive any sub-glacial till occurring in or west 
of- the axis of that valley or in the Missouri valley above Sioux 
City. That the James river valley and that of the Missouri 
river below Yankton, are really identical is indicated by their 
widths and depths and relations to the drift. If this were not 
true, we must believe that both the James valley and the wide 
Missouri valley below Yankton are of pre-glacial origin 
to their present depths; that the Missouri was displaced by the 
Kansan advance; that it must have had another channel below 
Niobrara or Yankton in that epoch, and that that channel has 
been so filled that it is unrecognizable, while the Missouri be- 
low the latter place has been kept unfilled in some inconceiv- 
able way during the recession of the Kansan ice and particular- 

*They have been recently published as Bulletin No. 158 but without 
theoretical explanation. 
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ly during the deposition of the loess. If the last be true, it adds 
another complication to the problem of the origin of the loess. 
If the James valley was not a pathway for ice during- the 
Kansan stage, then, if the till in Kansas is really of the Kansan 
stage, the ice forming it advanced from the Des Moines valley. 
and the first excavation or the re-excavation of the trough of 
the lower Missouri is post-Kansan and post-loessial. This the 
writer urged in his Missouri report,* where he also pointed 
out an adequate cause for the subsequent great erosion, in the 
floods of water coming from the whole western margin of the 
retreating ice-sheet, as well as from the eastern slope of the 
Rocky Mountains; but he refrains from theorizing further till 
we have considered other recent observations. We shall find 
some difficulty with this view. 

//. Old Soil in the Big Sioux Valley. — Early in September, 
1898 the writer, with Mr. Bain, of the Iowa Geological Sur- 
vey, and Mr. Leverett, of the U. S. Geological Survey, visited 
some instructive localities near Sioux Falls, which had at- 
tracted the attention of the writer; first, in his examination of 
the region in 1884, and later, during the season of 1897. Allu- 
sion is made to former observations in Bulletin No. i, of 
the South Dakota Geological Survey. In the grading of 
streets in Sioux Falls, at several points, a dark band resem- 
bling soil was noted. This is true more particularly north 
and west of the brewery. This band was first explained by 
the writer, as marking a temporary flood-plain of the Big 
Sioux during some stage of the occupation of the outer mo- 
raine. He was unable to find evidence of its extending very 
far from the stream. The soil was underlain by till, and also 
overlain by that which seemed to be of nearly the same age. 
During the recent visit, not only were these localities re- 
examined, but others, developed by more recent grading, were 
cjbserved near the postoffice, and a more notable example was 
found a mile or more northeast of the postoffice, in cuts 
along the Illinois Central railroad. At the latter point, there 
were found distinct traces of a buried pond, somewhat like a 
basin of the present. In its deeper portions, there is a depth 
of several feet of dark soil, containing numerous fresh-water 
shells — Vaivata, Planorbis, Limnea, and also fragments 

♦Missouri Geological Report, vol. X, pp. 213, 215, and 203, 



Drift in South Dakota, — Todd, 99 

of a cervical vertebra of a large vertebrate; fragments of 
lurtle-shell, resembling the common mud-turtle in appearance 
and size, and two or three small bones, apparently of an 
animal about the size of a rabbit. The visit was brief, and 
further investigation would doubtless reveal more fossils. The 
vertebrate remains were submitted to Prof. William B. Scott, 
of Princeton, who determined the largest to be a cervical 
vertebra of a horse. The other bones were undeterminable. 

Through the thoughtfulness of Mr. Bain, a series of the 
shells was submitted to Professor Shimek, in time to have his 
determinations for this paper. His report is as follows: 

"The following are from the Illinois Central railroad cut 
east of Sioux Falls, S. D. : 

** I . Planorbis bicarinatus Say, 

"2. Planorbis parvus Say. 

"3. Physa heterostropha (Say) Say. 

"4. Limnea caperata Say. 

"5. Valvata tricarinata (Say) Say. 

"6. Sphoerium sulcatum (Lam.) Prime. 

"7. Pisidium compressum Prime. 

"8. Vallonia costata (Miill.) Ster. 

"Of these, one to four are Pulmonates, five is a gill-bearer 
(Prosobranch), six and seven are bivalves, and eight is terres- 
trial. The set one to seven can be duplicated in most of our 
northwestern ponds with muddy bottoms. Eight is terrestrial, 
but grows sometimes near the edges of ponds and is common 
along streams. There is one specimen of this. 

"The other lot from Sioux Falls, S. D., *near the brewery,' 
contains two species: Limnea caperata Say, and Planorbis al- 
bus Miill., probably. The specimens are poor. Both of these 
are common in northwestern ponds to-day." 

West of this pond hole the rest of the underlying till had 
apparently had its soil, if ever formed, removed by the erosion 
attending the deposition of the overlying till. Between the 
two tills is a considerable deposit of gravel. The lower till 
was comparatively free from pebbles of any^considerable size 
and has been referred to by the writer in his correspondence as 
a pebbleless clay, but more careful examination during the 
recent visit, brought out the fact that it contains small pebbles 
of crystalline rocks evidently of northern origin. In places 
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it is distinctly weathered and resembles loess in color. In such 
cases, it failed to show effervescence when tested with acid. In 
the overlying gravel were numerous rotten pebbles and bowl- 
ders. The overlying till revealed few, if any, rotted bowlders. 
This break between the lower till and the upper till which is so 
distinctly marked at some points in the vicinity of Sioux Falls 
seems quite even and horizontal. In the city, tests with acid 
did not distinctly show difference in age between the upper and 
lower tills. In general, effervescence was prompt. 

East of Canton, there was a similar difference noted be- 
tween the upper till, which was quite stony, and the lower com- 
paratively pebbleless till, which presented similar character- 
istics to those noted northeast of Sioux Falls. Between these 
tills was a deposit of fine sand and interstratified silt. Traces cf 
this same horizon were traced east of Beloit, Iowa, and west of 
Fairview, S. D. In the latter locality, the lower till was not 
distinctly traced. It may be remembered that Mr. Bain, in his 
report on Woodbury county, Iowa, calls attention to the fint 
sand underneath the till at a high level northwest of Sioux City. 
At that point, no till had been found underneath the sand. It 
is known at one or two places to rest immediately upon Creta- 
ceous beds. In that sand, which is excavated extensively for 
use in Sioux City, there were found teeth, which were deter 
mined by Professor Cope to be Equus major. They would 
correspond in size, so far as can be judged, to the vertebra 
found near Sioux Falls, and it suggests in a striking way, that 
we may have here traces of the "Equus" or "Sheridan beds" 
that have been observed extensively in western Nebraska and 
Kansas. It perhaps should be added that quite thick deposits 
of till with gravel occur at a lower level near the Missouri at 
Riverside park, and seem to be of recent date. 

///. Obsen^atians near Garrctson. — The same party also 
visited Garretson, northeast of Sioux Falls, not far from Pali- 
sades, S. D. That locality is especially interesting because of 
a small semi-driftless area adjacent. Along the railroad the 
cuts from Palisade to about two miles north of Garretson. 
failed to show anything like till, and loess was exposed several 
feet in depth resting upon the surface of red quartzyte- This 
red quartzyte is cut into ravines at least forty feet deep in 
places, but there is no trace of any mass of till, nor of striae on 
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the surface of the quartzyte. More careful examination showed 
that a few scattered pebbles and bowlders of northern origin 
were to be found in the crevices of the quartzyte, but nothing 
that would demonstrate that the region had ever been mantled 
with a deposit of till such as occurs elsewhere. East of town 
within a few rods, the till appears and in gravel beds found in 
that direction numerous rotten granite pebbles were found 
indicating greater age than is common within the moraine. 
About a mile east, and further to the southeast and south, are 
conspicuous knolls, largely composed of drift gravel and sand, 
resembling osars. About a mile south of the town, one of 
these has been cut into and building sand has been taken from 
it for several years. It shows several feet of gravel and pebbles 
resting upon a mass of irregularly stratified sand. In a rail- 
road cut to the east of it, there is found the unusual appearance 
of a stratum of gravel and bowlders overlain with loess several 
feet in depth, and resting upon a loess-like silt which is also 
shown several feet in thickness in some places, while elsewhere 
it is replaced by loose sand. It could not be distinctly shown 
that the lower silt was of much older age than the upper. 

IV. Preglacial Deposits in Turkey Ridge, — In the examina- 
tion of Turkey ridge, there was found, at a point about four 
miles south of Irene, Clay county, S. D., a stratum of loess-like 
loam underlying the drift and resting, judging from an expo- 
sure of that several rods away, upon chalk deposits. A more 
careful examination may possibly reveal the characteristics of 
older till in these deposits, but no pebbles were noted where it 
was studied. Reports from wells in the region seem to corrob- 
orate the idea of a preglacial silt in that locality. Turkey ridge 
is a high divide between the Vermillion and James rivers. 
which became an interlobular portion of the Altamont moraine. 

V. Recent Fossils from near Bradley, Clark County, S, D-\x\ 
1895 Miss Helen M. Buzzell, a teacher in the common schools, 
became interested in some curious things found in digging 
wells a few miles north of Bradley. I have not been able to 
visit the locality and can only quote from her description: "The 
land here is very rough, showing hills, little level places and 
big sloughs, or old lake beds. The well is about fifty rods 
from the foot of a hill, which, I should think, is nearly 300 feet 
high, at the head of a slough. The latter is hardly a ravine — 
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rather a hollow — and here are the figures as given by the man 
who dug the well, describing the different soils as they came : 

Feet 

1. Black loam 3 

2. Crumbly yellow clay 14 

3. White material 3 

4. Tree 9 

5. Blue clay 6 

"This is on Mr. J. D. Foley's place, section thirty-five. 
Spring Valley township, six miles from Bradley; there are 
others similar/' 

The white material is evidently a white marl. It contains* 
Valvata tricarinata, Planorbis bicarinatus, P. parvus and Lim- 
nea humilis. Miss Buzzell sent numerous pieces of wood, most 
of which I judged to be coniferous. They show the charac- 
teristic tracheids and resemble tamarack. Specimens of muck. 
No. 4, contain fresh water shells similar to those in No. 3, and 
also Anadonta and Spoerium sulcatum. The data are not suf- 
ficient for asserting that this deposit is interglacial. It may 
result from the filling of a recent lake basin. If such is the 
case, it resembles the locality north of Grand View, in Douglas 
county, which was described in Bulletin No. i, of the" South 
Dakota Survey, page 126. Both localities are inside the Alta- 
mont moraine. 

Conclusions and Suggestio/ts -From the data given, we seem 
justified in concluding that there had been considerable deposi- 
tion of till over the region of the Big Sioux valley, previous to 
the occupation of the Altamont moraine of the Wisconsin 
epoch. The readiest explanation, perhaps, is that the ice 
sheet spread over all the region mentioned, although it seems 
not improbable that the comparatively pebbleless till which has 
been observed at Sioux Falls and east of Canton, may have 
been deposited by marginal waters. While occasional bowl- 
ders are found they are by no means as numerous nor as large 
as in the Wisconsin till. From the comparatively driftless re- 
gion about Garretson and the direction of the striae west of Pal- 
isades, we can scarcely doubt that the valley of the Big Sioux 
was occupied by a lobe of ice but that there were patches east 
which were comparatively stationary. 
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We have not given the subject sufficient study to speak with 
confidence and yet it seems permissible, at least, to offer a few 
suggestions which are little more than speculations. 

If we examine a map of the region, we shall find that the 
valley of the James river in South Dakota is separated from 
the Minnesota river valley by a high table land rising over con- 
siderable of its surface, to a hight of 2,000 feet above the sea. 
Immediately north of the South Dakota line, the James river 
makes its nearest approach to the Red River of the North, the 
distance being about seventy miles. At that point the divide 
4)etween the streams is very low and close to the former stream. 
A cut of twenty to twenty-five feet would probably turn the 
James river into the Wild Rice and Red rivers. From that 
point northward, although the divide is about 150 feet above 
the James, there is no well defined ridge, as further south. 
This brings us to a serious objection to the view that the 
course of the Missouri was down the James river valley, es- 
pecially while the mass of ice was moving up the Red river 
valley. Moreover, some have thought that the ancient drain- 
age was once northeast through the valley of the Wild Rice. 
If sucli were the case, the difficulties of keeping the James river 
valley open for passage of the water while the Red river valley 
was occupied by ice, would be still more difficult to explain, if 
not inconceivable. There would be nothing to prevent the ict 
pushing directly into and across the James river valley. It 
seems, therefore, very probable that the dividing ridge, which 
is now so well defined in South Dakota, previous to the Wis- 
consin epoch, extended further north, possibly as far north as 
Devil's Lake; though it was narrower and probably lower there 
than farther south; and that this ridge played an important 
part in hindering the advance of the ice until it had accumu- 
lated sufficiently to break through into the James river valley, 
as it did during the Wisconsin epoch. This would be the more 
easily explained if the ice sheet from the north, i. e., from the 
Keewatin center was not so vigorous in the early stages, i. e.. 
in the Kansan and pre-Kansan stages. 

Preparatory to such a break the peripheral waters on the 
west side of the ice-lobe occupying the Red River valley were 
probably first prevented from escaping southward through the 
Minnesota valley by the growth of the ice-sheet and were 
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forced to traverse the divide westward, particularly over its 
narrowest portion northwest of the present lake Traverse. 
During the Kansan and lowan epochs, we may suppose, they 
excavated so wide and deep valleys, that the Wisconsin ad- 
vance found comparatively easy access into the James valley, 
then occupied by the Missouri as already stated. 

From a general consideration of the extent of the so-called 
Kansan till as compared with the Wisconsin, we may infer that 
the natural center during the former stage was further east; 
probably northeast of lake Superior. In fact, we may con- 
ceive that some of the higher points north of lake Huron were 
the first to receive a permanent ice cap. As the region became 
more chilled, the zone of accumulation would naturally extend 
along the more elevated surface of the ice and then the great- 
est accumulation would lie naturally near the edge of the zone 
and advance slowly outward. In this way, we may .perhaps 
account for the greater vigor of the streams passing dow^n 
lake Michigan and lake Superior during the Kansan stage or, 
as some would say, the latter during the Kansan stage and the 
former during the Illinoian stage. If we believe the ice to 
have here pushed forward southwest in the axis of lake 
Superior basin, it is not difficult to conceive that its course 
would lie diagonally across the state of Minnesota, being con- 
fined in a broad, shallow canal between the highlands about 
Itasca and the region of central Wisconsin, that it was directed 
to the Minnesota valley and across it against the high trans- 
verse ridge of the "east coteau", the high divide separating the 
Minnesota from the James, which now has an elevation of 
1,700 to 2,000 feet. From the shape of the land and the course 
of the stream, it seems not unlikely that the highest elevations 
were along the axis of this stream. As the Des Moines valley 
to the south offered an easier slope, we may conceive the ice 
sheet to have expanded more rapidly in that direction and to 
have spread out during the Kansan stage, from that valley 
westward and south into northwestern Missouri. We may 
account for its failure to press westward over into the James 
valley by the elevation of the Coteau region and by the divert- 
ing influence of the Big Sioux valley, which we may suppose 
had greater effect upon the thinner edge of the ice which there 
lav in the zone of ablation. 
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The failure of the ice to press equally northward may be 
accounted for, not only by the ridge, as we have before stated, 
but by the depth of the Red river valley together with the 
delaying influence of a north slope. For we conceive it 
reasonable to suppose that the ice would be more plastic in 
the region of greater warmth and that there would be more 
rapid accumulation along the southern side of the zone of 
accumulation. Both relations would favor such a conclusion.* 

If such a state of affairs is conceivable, we may not only 
account for the Kansan till, so far as it is sub-glacial, but we 
may have found a partial explanation of the more difficult 
phenomena of the course of the ice during the lowan stage. 
One of the strange things connected with that stage is the 
persistent course of the ice toward the southeast. Now, if the 
summit of the ice lobe, during the Kansan stage, rose to the 
altitude of the zone of accumulation in western Minnesota, we 
may conceive that it might for a time act as a secondary cen- 
ter of glacial motion. The persistent easterly tendency of the 
ice might be partially accounted for in this way, but we may 
find another factor in the possible subsidence of the driftless 
area. The very existence of that area has suggested its for- 
mer greater elevation, and we have learned to expect subsi- 
dence as one of the effects of ice occupation. The Kansan 
load, acting for a time on the west, and subsequently, if not 
in part contemporaneously, the Illinoian on the east and south 
may have at last brought it down to a considerable lower level, 
than it occupied at the beginning of the Pleistocene. The 
movement of the lowan ice lobes, both in Iowa and Illinois, 
would harmonize with such a view.f 

Moreover, Mr. Upham's study of lake Agassiz would lead 
us to think there was then greater northward elevation over 
that area than in the Wisconsin epoch. 

♦Glacial Lake Agassiz. Mon. XXV, U. S. G. S., p. 501. 
tSee Leverett's map, "Interglacial Deposits in Iowa," p. 8. 
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THl£ EARTHQUAKE AT SAN JACINTO, 

DECEMBER 25, 1899. 

By K. W. Clatpolb. 

(PUte IIL) 

On Christmas morning southern California was visited by 
an earthquake, or rather earth-tremor, which locally assumed 
unwonted severity and was attended with disastrous conse- 
quences. A part of the region along the southern side of the Si- 
erra Madre was shaken, but over the greater portion of it the 
shock was harmless. At 4.25 a. m., a trembling, or, as it is lo- 
cally called in Spanish, a "temblor,'* awakened the residents by 
a scries of slight tremors, lasting from thirty seconds to one 
minute and was accompanied in some places by the usual roar- 
ing sound. 

As news gradually came in we learned that at the village of 
San Jacinto considerable damage had been done, either by an 
iniensification of the energy of the seismic force or by the 
local conditions. 

The shock was extensive, having been felt from the coast 
inland for at least 150 miles. How far it extended northward 
into the mountains cannot at present be ascertained. But at 
Banning, about 20 miles in that direction, the Catholic school, 
a three-story structure, was slightly damaged. 

The shocks have been repeated several times since and on 
the 3d, when the writer visited the village, two occurred about 
one o'clock p. m. with a roar like distant thunder and a jar 
which, though imperceptible, was sufficient to shake down 
l)ricks from the shattered walls. 

The data for determining the time are scanty and scarcely 
exact enough to allow us to place much reliance on them. 
The writer at Pasadena was awakened by the shock and noted 
the hour 4 124. Generally speaking, the clocks that were stop- 
ped indicated by their figures a transmission of the shock from 
west or southwest to northeast or east. This is the usual di- 
rection in this region and apparently implies some adjustment 
of strata going on near the coast-line, the jars from which pass 
inland, manifesting themselves with greater or less force ac- 
cording to the accident of the strata through which they are 
transmitted. 

The most distant point from which reports have been 
noticed in the papers is **the Needles,'' the point where the 
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Santa Fe railway crosses the Colorado river. The sender says : 
** A terrific shock of earthquake at 4 135 a. m., lasted fully thirty 
seconds, stopping all clocks. It broke glass and gave the 
town a thorough shaking. The vibration was from northeast 
to southwest." 

The "Needles" is about 150 miles directly from San Jacinto 
and the difference in time which may probably be trusted (this 
being an important station on the railway), indicates that the 
jar was traveling in the opposite direction to that given in the 
dispatch. Other evidence will be given below. 

A report that smoke was seen rising from mount Tanquity 
was apparently due to the occurrence of a great land slide on 
its slopes, where a large area is said to have the appearance of 
having lately been ploughed. 

The villages of San Jacinto and Hemet stand in an elevated 
valley filled with detritus from the ridges of the San Jacinto 
mountain mass, whose topmost peaks attain the hight of 
10,987 feet. To reach the Needles the shock must have 
passed the two nearly parallel ranges of San Jacinto and San 
Bernardino and traversed the intervening portionof the Colo- 
rado desert. No destruction is reported over this wide inter- 
val, but this may be due to the fact that nothing existed there 
which could be destroyed rather than to any lack of destructive 
force in the shock. 

A visit paid to the two villages a few days after the occur- 
n nee of the earthquake showed the writer that the accounts 
were not in the least exaggerated. There are but a few brick 
buildings in either of them, but every one of these has been so 
severely injured that it may be fairly called a wreck. A walk 
through the street of San Jacinto soon showed that the direction 
of the shock had been approximately at right angles to it, but 
it was not easy to decide in which direction it had passed. The 
front walls wer^ thrown forward into the street on both sides, 
while the back walls ha^d fallen out from the street. The east 
and west walls are less injured, but in most cases their upper 
part, that is the upper two to ten rows of bricks, have been 
thrown out. As a rule no serious mischief has been done be- 
low the second story, which fact seems to indicate that the 
wave was short and steep rather than long and low. Its 
amplitude certainly was small. 
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Moreover, all the buildings injured were of light construc- 
tion. In some cases the walls were only one brick thick and 
in a few only half as much. Some of the walls had no bonds. 
In one structure where the part was more solid, a long crack 
has developed parting it from the side wall, but neither has 
fallen. Judging from the appearance presented, little damage 
would have ensued had the buildings been better constructed, 
the motion of the wave-particle not having sufHcient velocity to 
displace heavy constructions. 

The causes which led to the concentration of the seismic 
energy on this focus are not obvious, or perhaps discoverable. 
No damage is reported from any of the towns on and near the 
coast. But it is impossible to know at present how a huge 
granite mass like that of San Jacinto, lying in the path of a 
seismic wave may affect its transmission. Refraction may con- 
centrate its energy into a point as a lens collects the light- 
rays to a focus or total refraction may divert it from certain 
spots and converge it upon others with disastrous effect. 

The nature of the rock masses also must have its influence. 
After traversing the long valley or detrital flat from the sea at a 
rate of speed due to the disintegrated condition of the ma- 
terials the velocity of the wave necessarily increases on 
striking the more solid and continuous granite of San Jacinto 
mountain, and with this increase of velocity comes an increase 
of destructive power, which would disappear again on the 
emergence of the wave into the flat country with its discontinu- 
ous strata beyond the mountain mass. 

It must also be remembered that few solid buildings exist 
in the part of the region, which is thinly peopled and conse- 
quently information regarding the facts is inaccessible or frag- 
mentary. No instrumental outfit exists in this part of Cali- 
fornia, though from the continued occurrence of light tremors 
it would be a good region for making observation and collect- 
ing facts. 
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A METEOROLOGICAL HYPOTHESIS OF THE . >^ 
CAUSE OF THE GLACIAL EPOCH.* 

By Howard S. RBBD,,Ann Arbor, Micb. 

Although we have acquired considerable knowledge con- 
cerning the history of the Glacial epoch, our ideas of the 
causes of that geological winter are, at best, few and vague. 

The theory under consideration attempts to account for 
continental glaciation upon a meteorological basis, inas- 
much as the author believes that former theories based upon 
astronomical, geological and geographical phenomena are 
insufficient. 

The history of climate is divided into two marked eras — 
( I ), a past era, during which surface temperatures were con- 
trolled by internal heat. This heat, originally intense, 
gradually diminished until we now have (2) the present era, 
in which surface temperatures are controlled by solar heat. 

**The transition epoch — the date of passage from the 
control of earth heat to that of solar heat is the Ice age. 
The transition is still in progress for solar energy has not 
3'ct fully established its control," 

*'The objects in view are to explain (i) the peculiar uni- 
formity of climates prior to the practical exhaustion of in- 
ternal heat; (2) the occurrence of an age of general glacia- 
tion in all latitudes prior to the establishment of the control 
of solar heat; (3) the reasons of the differences between 
heat distribution during geological and present climates." 

He then states the problem in the form of a proposi- 
tion" — Given: a heated globe, constituted and circumstanced 
as the earth admittedly was and whose surface temperatures, 
by reason of internal heat, are above the boiling point of 
water, to prove that before its surface temperatures can pass 
under the control of solar heat (i) climatic changes must be 
independent of latitude, and (2) that continental areas must 
be glaciated. (The proposition here stated is applicable to 
any planet.)'' 

The original intense heat of the earth caused the water, 
and probably other substances, to be held as vapor in the 
atmosphere. "The earth may thus be regarded as having 

*The Evolution of Climates. Marsden Manson. Amer. Geol. Vol. 
XXIV. pp. 93-120,157-180, 205-209, 
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been surrounded by a series of spheroidal isothermal sur- 
faces of mean temperatures. The one next the surface rep- 
resented a mean temperature of, say, boiling water at a tem- 
perature corresponding to the greater pressure of the heavier 
atmosphere existing. Above this isothermal shell were 
others representing mean temperatures of 200^, 90^, 60^, 32^, 
o**, etc. to -x^ Fahr., the extreme cold of interplanetary 
space.** 

As fast as the internal heat of the earth was exhausted, 
these spheroidal isothermal shells of mean temperature 
shrunk in upon the earth and their contact with its surface 
marked the lines of corresponding climates. 

The outer, partly condensed spheroids formed transcal- 
ent layers, which tended to conserve the earth heat and shut 
out the solar heat rays, though solar light rays were more 
readily transmitted. 

When the isothermal spheroid having a mean tempera- 
ture of 32^ Fahr. shrunk in upon the earth, the oceans began 
to accumulate water at its maximum density and the Ice 
age began. The continental areas lost their resident heat 
while the oceans were still warm; so that the cold continents 
converted the vapor from the oceans into dense fogs. ^"^From 
the moment that snow began to accumulate, the remaining 
earth heat was available for producing those conditions 
favorable to glaciation, namely, warm seas, dense fogs, and 
coldjcontinental areas, and the solar energy reaching the 
upper regions of the atmosphere was available for maintain- 
ing those favorable conditions. Those conditions would ob- 
tain until **by the chilling of the oceans to about 31*^ F., 
and by the glaciation of continental afeas, the air was 
cleared of obscuring clouds and fogs, the uniform series of 
climates was at an end." 

A well marked rise in temperature has occurred since 
the culmination of the Ice age and is still in progress. Solar 
energy has been the only known source of heat during this 
time and by it the change in temperature is explained as 
follows: By contact with the earth's surface the direct* solar 
rays are converted into dark heat rays and, as the atmos- 
phere is more transcalent to the former than to the latter, a 
part of the heat is effectually trapped. 
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The planet Mars is cited as an illustration of a planet 
which has completely emerged from an Ice age and whofte 
climate is entirely under solar control; while Jupiter is an 
example of a planet whose climate is under control of inter- 
nal heat. 

In an appendix, the author treats of the unglaciated area 
of the western United States and of the conditions which 
prevented that region from being invaded by ice. He 
claims that, at that time, the Columbian lava plain was still 
hot, and that the warm air and rain passing over and falling 
upon the lava plains made the Missouri river a warm river 
during the Ice age, so that it checked the advance of the 
glacier and made the unglaciated area the last resting place 
for Tertiary forms. 

The Ice age, then, is not to be regarded as a meteorologi- 
cal freak but as the logical outcome of the laws of climatic 
development. 

After speaking of the principal theories which have been 
advanced to account for the occurrence of an Ice age, the 
author gives a good criterion of the worth of any such 
theory — "An explanation which will admit of definite proof, 
and will satisfy all the conditions and will not require the 
distortion of known facts, by forcibly fitting them into ar- 
bitrary molds, will receive universal acceptance." 

In the presentation of this hypothesis, the author gen- 
erally employs good scientific logic. There is no grievous 
conflict between the laws of physics and the laws of mete- 
orology upon which his argument rests, yet the reader, in 
passing, cannot fail to notice that some of the theories are 
contradicted by Nature's known facts. 

If the Palaeozoic had a uniformly tropical climate, (as 
this theory holds), how are we to account for the widespread 
evidences of glaciation occuring at the close of that era? 

In this connection, the liberty is taken to quote from a 
recent writer:* **Whatever may be the thought of the sup- 
posed signs of cold periods at other early periods, the evi- 
dences of glaciation in India, Australia and South Africa 
near the close of the Palaeozoic era arc so abundant, so 
specific and so well attested that they cannot be ignored and 

♦T.C. Chamberlain, Jour, of Geol. Vol. 7, No. 6. 
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any hypothesis that assumes to account for glacial periods 
must take serious cognizance of these and must meet the 
strenuous issues that arise from their early age and from 
the mildness of the periods following them." 

The much discussed question of tropical glaciation also 
comes up here. When the isothermal spheroid 32° F. 
shrunk in upon the earth, its intersections with the surface 
were controlled by the elevation of the surface above sea 
level, and by the local escape of earth heat; elevated equa- 
torial or temperature areas were under this interpretation as 
much exposed to glaciation as polar lands. This isotherm 
also reached continental areas prior to reaching ocean areas. 

Though the author appears to believe in tropical glacia- 
tion, he says: **Difficulties exist in determining glacial con- 
ditions in the tropics because of the earlier removal of glaci- 
al conditions, the shorter duration of the period of glacia- 
tion, long exposures to the decomposing effects of tropical 
rains and heat, and to the commingling of the classes of 
phenomena.'* 

It is possible, and perhaps probable, that observers have 
mistaken rock decay and flood deposits for glacial drift. 
Here we may apply a rule laid down by the author in his 
article, viz., — that glacial action is not sufficient evidence 
upon which to base the occurrence of a glacial period, but 
there must also be forms of life adapt^ to live under Arctic 
conditions. 

The case against tropical glaciation is well summed up 
by Howorth.^ *'The orchids and palms, the monkeys and 
humming-birds, could not live when ice occupied the Ama- 
zon valley and the latitude of Nicaragua. We cannot un- 
derstand where they could have taken shelter, for it follows 
that if the tropics were cold, the temperate regions must 
have been colder, and we have evidence, in the Brazilian 
caves, that precisely the same genera of animals occupied 
the country when they were filled as now, only with larger 
specific forms." 

The theory does not appear to be completely worked 
out in regard to interglacial epochs. The incomplete records 
which we have from interglacial beds indicate that these 

♦The Glacial Nightmare, p. 491. 
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were periods of temperate, mild climate, rich in all forms of 
life, and that at least one of the periods was of very long 
duration, — perhaps as long as from the last retreat of the 
ice until the present. 

The assumption that such periods were caused by 
"fluctuations of the fading earth heat" does not seem hardly 
sufficient to account for such long, widespread climatal 
changes as seem to have existed. 

Nor is the theory entirely satisfactory with regard to 
unglaciated areas. The presence of lacustral deposits and 
forest beds between the lava sheets indicates that very often 
a considerable lapse of time occurred between successive 
lava flows. So that, if there was any radiation of heat from 
these lavas in Quaternary. time, we should expect it would 
be from different and perhaps widely separated flows. 
Probably at no time was heat escaping, simultaneously from 
the entire plain. 

The atmospheric currents, passing eastwards from this 
lava*plain, must needs have crossed the high ranges of the 
Rocky mountains. The consequent cooling and expansion 
of the air would cause copious precipitation upon the west- 
em slopes of the mountains; while the winds descending the 
eastern slopes would be cool and dry. The influence of the 
neighboring continental ice sheet would also aid in further 
reducing the temperature of the Missouri valley. But, 
granting that there were tributaries from the west pouring 
streams of warm water into the Missouri, we must not for- 
get the thousands of streams from the great ice body on the 
north and east which were pouring in their turbid, icy con- 
tents and effectually lowering the temperature of the river. 

Then after all this we have no explanation of the un- 
glaciated area in northern Alaska. 

In the main, however, the author recognizes and gives 
prominence to some important factors which have been 
hitherto omitted from such hypotheses, because they are 
not striking or conspicuous. 

The day is passing when scientists seek to employ strik- 
ing or extraordinary phenomena in the solutions of their 
problems; rather are they looking to that which appears in- 
significant and commonplace. 
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THE NOMENCLATURE OF THE NEW YORK SERIES 
OF GEOLOGICAL FORMATIONS. 

By John M. Clabkb Mid CHAmi.B8 Schoobrt. 

The prime outcome of the work of the four geologists, 
Mather, Emmons, Vanuxem, Hall, engaged upon the original 
survey of the state of New York, was the promulgation of a 
series of terms designating and classifying the rock formations. 
Many of the terms adopted in the final reports issued in 1842- 
1843 ^^^ t^^" previously introduced in the annual reports of 
one and another of the geologists, but that finally announced 
was the mutual agreement of the four. Tradition and contem- 
porary record have given us some evidence that differences of 
opinion as to the merits of various terms erected during the 
progress of the survey were not wholly reconciled by the final 
pronouncement which rejected a goodly number of provisional 
names. It was clearly the purpose of the geologists to insti- 
tute and defetid a classification of the older rocks, the strati- 
graphic units of which were to be of approximately equal value. 
In several instances subdivision of such units was recogftized ; 
thus Hall and Vanuxem especially added the term group to 
some units as indicative of a minor subdivision of the strata. 
Emmons avoided this term wholly and Mather seldom em- 
ployed it. 

The geologists also made use of a broader assemblage of 
the units into associations termed by some of them groups, by 
others divisions. These were four in number, namely, begin- 
ning at the bottom: Champlain, Ontario, Helderberg, Erie, 
and a fifth, Catskill, was employed by Mather. There was 
pretty uniform agreement in the use of these broader terms 
and such slight discrepancy as became apparent in their appli- 
cation was no more than an expression of imperfect knowledge 
and of personal equation. It was a genuine misfortune to the 
New York nomenclature that disturbed and drove out these 
terms which are supremely adapted to the unequaled paleozoic 
succession from which they emanated. In many respects they 
meet the actual conditions far more satisfactorily than the 
European terms which we are now carrying. They are en- 
titled to respect for their venerableness and, where consistent 
with the present state of knowledge, to recognition for their 
merit. 



The New York Series. — Clarke and Schtichert. 1 1 5 

It will be observed that the classification proposed by the 
four geologists was wholly stratigraphic. It did not purpose to 
express the time units or groups thereof except so far as such a 
subdivision of the strata must of itself imply a corresponding 
division of time. Nor did the geologists contemplate any uni- 
form grouping of their units in terms intermediate between 
their major and minor divisions. 

It has, however, come to pass that such a grouping of the 
early New York units has found its way into quite general use. 
Such terms as Niagara group, Hamilton group, Chemung 
group, are current expressions in contemporaneous writings 
and they are not employed at all in the sense in which they 
were sometimes used by Vanuxem and Hall. This fact is well 
known and it is generally recognized by all students con- 
cerned with the stratigraphy of the early formations, that this 
condition has come about indirectly through the influence of 
the important summaries of American geology published by 
the late professor J. D. Dana (Manual of Geology, four edi- 
tions). In presenting the succession of paleozoic events these 
works have treated the subject as history must be treated, as 
a succession of time units. These units, which have been 
termed epochs, were grouped together into periods, and each 
period was given the name of the most conspicuous, widely 
distributed or otherwise best characterized of its epochs. Thus 
have arisen terms for secondary divisions in the paleozoic his- 
tory of New York which duplicate names that must remain 
permanently in use for time units and their stratigraphic equiv- 
alents. The duplicating terms thus introduced into New York 
history are the following: Trenton, Niagara, Onondaga, 
Comiferous, Hamilton, Chemung. The distinguished author 
to whom reference has been made never employed these terms 
in any other than a chronologic sense ; the present frequent ap- 
plication of them with a stratigraphic meaning of precisely the 
same scope as the time divisions, is a perfectly natural and le- 
gitimate outcome. This practice has, however, not only 
caused confusion from duplication within the boundaries of* the 
state, but it has led to much embarrassment in the correlation 
of the stratigraphic succession of other states with that of New 
York. The point has doubtless been reached when these terms, 
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representing though they do important divisions of time and 
sedimentation, must give way to others of equivalent value 
which shall obviate the duplication and confusion with which 
we are now embarrassed. 

This paper, frankly stated, is a proposition to substitute 
for these terms in their stratigraphic application and hence 
necessarily in their chronologic equivalence, a series of desig- 
nations derived from characteristic localities of the New York 
paleozoic, and thus to preserve, under the necessity of change, 
the eminent title of New York state to its full and ancient rep- 
resentation in the classification of the paleozoic deposits and 
time. 

Incidentally it also takes cognizance of and suggests a suit- 
able remedy for the present incongruity in the nomenclature of 
the stratigraphic units. As the propriety and necessity of lo- 
cal terms for the designation of such units is generally 
acknowledged, those formations which have hitherto borne 
names of other significance are now superseded by appropriate 
geographic names. 

1. Champlainic. This most appropriate designation was intro- 
duced by the concurrence of the four geologists for the formations 
here assigned to it (exclusive of the Potsdam sandstone), and it has 
clear right of way over the later application of the name to the period 
of post-glacial alluvium. That the later term has become ingrained 
in literature renders it all the more conspicuous as an infraction of the 
law and of the rights of the men who first proposed it. In the face of 
Champlain, 1842, the term Ordovician has no standing. 

2. Ontaric. Vanuxem placed the base of the Ontario division at 
the 'gray sandstone,' Hall and Emmons at the Medina, Mather at the 
Shawangunk grit. Vanuxem and Hall terminated the division above 
with the Niagara, Emmons included the Salina and waterlime. Any 
rational grouping of these formations must recognize as its base the 
predominance of coarse sedimentation installing a new cycle. Grow- 
ing evidence fully endorses Emmons' view as to the termination of the 
group and period with the clearing of the Salina sea. 

3. Canadian. This term has the prestige of time and priority. 

4. Mohawkian. Conrad and Vanuxem made use of the term 'Mo- 
hawk limestone' for certain of the calcareous layers beneath the Tren- 
ton, but they differed so widely in their application of the term that in 
the summation of their results, the geologists decided to abandon it. 
The name is here revived with a bi*oader meaning. The valley and 
watersheds of the Mohawk river afford typical exposures of all mem- 
bers of the group. 
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5. Cincinnatian. The formations of the Neo-champlainic are not 
as completely developed in the State of New York as in Ohio and In- 
diana. In the latter sections the Lorraine fauna is represented, but 
is followed above by the well-defined fauna of the Richmond beds. 
Probably in no other region is the succession of these faunas so com- 
plete as about Cincinnati, and this fact justifies the recognition of the 
term Cincinnatian, which already has historic value. For a full descrip- 
tion of the series by Winchell and Ulrich, see Geol, and Nat. Hist. 
Surv. of Minn., vol. 3, pt. 2, pp. ci-cv., 1897. 

6. Oswegan. This name is appropriate on account of the wide- 
spread occurrence of the Oneida and Medina formations in Oswego 
county, N. Y. Vanuxem employed the term 'Oswego sandstone' for 
the formation subsequently and by common consent called Medina 
sandstone. In reviving the name, though with a broader meaning than 
in its original use, it derives its title from its early date. 

7. Niagaran. In the sense suggested by professor Dana. 

8. Cayugan (new). The divisions of this group are knit together 
by lithologic and faunal characters and are distinctly Ontaric. The 
outcrops are typically exposed about the north end of Cayuga lake, 
N. Y. 

9. Helderbergian. The presei\t state of our knowledge does not 
permit the use of the term Helderberg in its original scope. The 
'Helderberg division' was made to embrace formations now regarded 
as constituting the lower and part of the middle Devonic. We propose 
to restrict the term Helderbergian to the formations currently known 
as 'Lower Helderberg/ excluding the 'Tentaculite limestone.' 

10. Oriskanian. The Oriskany formation varies considerably in 
the character of its sediment. Its calcareous facies is highly developed 
in eastern New York, while the more siliceous sediment excludes all 
others in the central part of the state. The fauna of the Oriskany from 
its lowest beds, as at Camden, Tennessee, to its highest beds, as in the 
province of Ontario, shows progress in diflferentiation, but it is not yet 
practicable to subdivide the New York development of the fauna. 

11. Ulsterian (new). From the outcrops of all the members in 
Ulster county, N. Y. 

12. Erian. The 'Erie division' comprised the formations from the 
top of the Onondaga limestone to the top of the Chemung. We pro- 
pose to save the term to the New York nomenclature by reviving it 
with a restricted meaning. 

13. Senecan (new). In Seneca county and along the shores of 
Seneca lake are excellent exposures of these beds. 

14. Chautauquan (new). From exposures in Chautauqua county, 
N. Y. 

15. Beekmantown limestone Cnew). The Calciferous sandrock of 
Eaton and authors generally. This formation took its original name 
from sections in the Mohawk valley, where the rocks are without fos- 
sils. At Beekmantown, N. Y., the normal fauna is finely developed 
and the rock section essentially complete. 
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16. Lowville limestone (new); instead of Birdseye limestone of 
common use. Lowville is a town in Lewis county, N. Y., where these 
beds are well exposed. 

17. Hudson River beds.. It is becoming increasingly evident that 
the great mass of shale in the Mohawk and Hudson river valleys which 
was designated at an early date by this term is resolvable into horizons 
extending from the middle Trenton to and including the Lorraine beds. 
At present it seems unlikely that when this determination of horizons 
has been carried through the series any part will remain to which the 
original term can be applied by virtue of its distinctive fauna, though 
it may still serve to designate a facies of the formations mentioned. 

18. Rondout waterlime (new). From the fine development of these 
beds in the extensive cement quarries at and near Rondout, N. Y. 

19. Manlius limestone, Tentaculite limestone of Gebhard, Mather 
and later writers. The name here used was introduced by Vanuxem 
and is entitled to first consideration. Manlius is the place of typical 
exposure in Onondaga county, N. Y. 

20. Coeymans limestone (new); and 

21. New Scotland limestone (new). These terms designate re- 
spectively the Lower Pentamerus (Helderberg and Pentamerus lime- 
stones of the New York geologists) and the Catskill or Delthyris 
Shaly limestone. Coeymans and New Scotland are adjacent towns in 
Albany county, N. Y., through which runs the Helderberg escarpment 
affording the finest exposures of these formations. 

22. Becraft limestone. This name was introduced by N. H. Bar- 
ton with the sanction of professor James Hall, for the beds previously 
known as the Upper Pentamerus and Scutella limestones of the Hel- 
derberg sections. The present name is derived from Becraft moun- 
tain, Columbia county, N. Y. 

23. Kingston beds (new). The *upper shaly beds* of W. M. Davis, 
which are typically exposed and attain a thickness of 250 feet in the 
vicinity of Kingston, N. Y. 

24. Esopus grit. Proposed by Darton, with the approval of pro- 
fessor Hall, for the old term Caudagalli grit. It has been suggested 
by Freeh, that the Esopus grit should be regarded as a part of the 
arenaceous sediments of the Oriskany. The very few fossils which it 
contains, however, do not as yet fully endorse this suggestion. 

25. Catskill sandstone. This is an approximate expression of the 
value of this formation. Catskill sedimentation doubtless began as 
early as Portage time, its representation during which is expressed 
in the term, Oneonta beds. — Science, December 15, 1899. 
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REVIEW OF RECENT GEOLOGICAL 
LITERATURE. 



Kalenderfur Geologetiy Palaontologen und Minerahgen, herausgf- 
jS^eben von Dr. K. Keilhack, of the German geological survey in Ber- 
lin. 3rd year, 1900. Leipzig, Max Weg. Price 3 niarks. 

This is a pocket diary containing lists of addresses of geolog^ists 
attached to surveys and educational institutions the world over, and 
is fairly complete for America. The list of European museums and 
their collections with the addresses makes the work a handy com- 
panion for a trip abroad. Several useful references, classifications and 
characters of minerals, rocks, etc., fill out the booklet to over 300 
printed pages. 

J. B. W. 

Traits de GeologUy par Pl.Dz Lapparent, professeur de TEcole 
libre de Hautes Etudes. 4th edition, revised and considerably enlarged. 
In 3 fascicules, part I, pages 1-592, part II, 593-1240; part III. (in the 
press.) Masson & Cie, editeurs, Paris, 1900. Price (about) I6.00. 

The fourth edition of professor De Lapparent's well known treatise 
on geology easily ranks the author as the leading exponent of the 
French school of geologists. The work is written in an engaging, 
readable style. The subject matter is divided into two divisions, ac- 
tual causes or processes now in operation given in part first, and geol- 
ogy "properly so-called," which occupies the remainder of the work. 

Part first contains a description of existing changes produced by the 
various agencies recognized by the science, including a good account 
of changes of level. The work of rivers is not so fully exposed as one 
might expect from the author of the leading text-book on the **new 
geology" in Europe. • 

Part second begins with ^ rather full synopsis of rocks, in which the 
ideas of Messrs. Levy and Fouque, Rosenbusch and other petrograph- 
ers are set forth. 

The most notable feature of the book is the treatment of the strati- 
graphic groups. Instead of throwing accent upon the greater divisions 
or systems, the author adopts the subdivisions as units of description 
and supplements the account with a valuable series of black-line 
sketch maps on Mercator's projection. While it is recognized that 
these maps must be necessarily in error for many parts of the globe, 
the author hopes that they will throw light on the ancient geography 
of our planet and stimulate geologists to correct such errors as exist. 
More special maps are furnished for Europe and France after the man- 
ner of Dana's maps for America. In this matter of world maps, the 
book is at present unique and cannot but prove a valuable aid to the 
student in all matters of geographic distribution in the past. Copious 
references at the foot of the page give the clue to original papers, thus 
serving the needs of the advanced student in palaeontology and 
geology. J. B. w. 
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De Sydskdnska Rullstensdsames Vittnesbord infrdgan om Istidens 
Kontinuitei, Af Jno. C. Moberg och N. O. Holst. Lund, 189Q. 

This is an inquiry into the question of the existence or non-existence 
of proofs of an interglacial period in Sweden. 

This question was mooted in Sweden about 1865 when O. Torell dis- 
tinguished a great lower glacial and a (younger) Baltic ice stream. In 
1873 Halmstrdm showed that in southern Skania one can distinguish 
two separate sets of moraines. In 1884 G. de Geer wrote on the "later 
expansion of the Scandinavian land ice, and of the interglacial clays." 

It is claimed that there are two systems of boulder ridges in Skania; 
one, north to south produced in the earlier ire time, the other east to 
west due to the later or Baltic ice period. Moberg and Holm claim 
that these two systems run into each other by curves, etc., and are one 
and the same system. 

The proof against two ice periods the authors think decisive, and 
call upon the geologists who uphold the opposite view to explain how 
the evidence drawn from these boulder ridges, can accord with their 
theory. 

The article is of twelve pages with a geological map of Skania, show- 
ing the boulder ridges. o. f. m. 

Preliminary Notice of the Etcheminian Fauna of Cape Breton, by 
G. F. Matthew. (Nat. Hist. Soc. N. Brunswick. Bull, xviii, vol. iv, 
p. 198.) 

This is a description of the Etcheminian (Eopaleozoic) species col- 
lected in Cape Breton. Those of the same age collected in Newfound- 
land, were described in an earlier part of this Bulletin. The Newfound- 
land fossils are quite dissimilar to them, though apparently in rocks of 
the same age, In Cape Breton the genera are such as are found in the 
Protolenus fauna in New Brunswick, but the species are all dififerent. 
It is stated that the physical conditions of the Etcheminian time in 
Cape Breton were ve^y similar to those in New Brunswick. 

The fossils described are all either brachiopods or ostracods. Two 
species of Lingulella and two of Leptobolus are described. An Obolus 
15 described under a new sub-genus distinguished by approximated vas- 
cular trunks, etc. A species of Acrothele and one of Acrotreta are de- 
scribed, A new genus of ostracods is proposed (Bradoria) for species 
having a prominent ocular (?) tuburcle, three new species are described 
under it. Also two new species of Schmidtella are described. 

The paper is illustrated with four plates of figures and two sections. 

A Dictionary of altitudes in the United States (third edition). 
Compiled by Henry Gannett. (U.S. Geol. Survey, Bull. 160, 775 pp, 

i«99.) 

The first edition of this convenient book of reference was issued 
in 1884 as Bulletin 5, and the second in 1891 as Bulletin 76. The third 
edition is greatly enlarged over the earlier ones, and thus its useful- 
ness and value are increased. The author has returned to the alpha- 
betical arrangement by states, and localities under each state, used in 
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the 6rst edition, which is certainly the more convenient arrangement. 
In the compilation of such a large mass of data it becomes almost 
impossible to eliminate all errors. At the same time one can but wish 
that a book which is used as much as this one is, should be practically 
free from errors. In looking over the altitudes of places in Minne- 
sota the reviewer notices certain errors and omissions which, in the 
work of compilation, ought to have been avoided. The elevations of 
certain points, mostly lakes, are given from barometrical determina- 
tions made by the Geological and Natural History Survey of Minne- 
sota in 1878 and 1879. Many of these elevations were later (1893) 
determined by levelling and by careful series of barometer readings, 
and the revised elevations were published in the Twenty-second An- 
nual Report in 1894. The present Bulletin gives the earlier determina- 
tions and not the later more accurate ones. The elevations of a num- 
ber of the important mining towns in northeastern Minnesota are 
omitted, although on railroads which possess profiles and although 
these elevations have been published in the above mentioned report. 

u. s. G. 

Granites of Southern Rhode Island and Connecticut^ with observa- 
tions on Atlantic Coast Granites in General, By J. F. Kemp. (Bull. 
G. S. A., vol. X, pp. 361-382.) 

The granites described in this paper are all biotite-granites, and 
though four types are distinguished — Westerly and Stony creek red 
and gray granites (a "Lyme pink" porphyritic granite is mentioned 
but not described) — they differ but slightly, the gray types being very 
fine-grained, the red somewhat coarser. The nature of the contact 
at numerous places and the basic segregations and inclusions of 
gneiss and amphibolytes within the granites, show them to be erup- 
tives. Their age is not narrowly fixed. They are pre-Triassic, and 
may be as early as post-Cambrian; they cut granitic biotite-gneisses 
but have largely escaped the dynamic metamorphism which has so 
profoundly altered the surrounding rocks. The granites are accom- 
panied by pegmatytes, which are without the abundance of accessory 
and sometimes rare minerals found in the pegmatyte dikes of cen- 
tral Connecticut. Comparison is made with Atlantic coast granites 
in general and it is shown that biotite-granites prevail through the 
whole region. L. G. w. 

Geological Survey of Michigan : Upper Peninsula, iSgj-iSgf;, Vol, 
vi: Part /, Isle Royale, by Alfred C. Lane; Part II, Keweenaw point, 
7oith special reference to the felsites and their associated rocks , by Lucius 
L. Hubbard; The crystallization of the calcite from the copper mines of 
lake Superior, by Charles Palache. pp. 281, 184. Numerous plates 
and geological maps. Lansing, i8c)8[i899]. 

This volume adds much to the accurate geology of the Northern 
Peninsula of Michigan. Dr. Lane gives a brief sketch of early min- 
ing and of recent explorations on Isle Royale, the latter comprising 
records, and drill-cores, of a large series of diamond-drilling at the west 
end. From these he constructs a cross-section of the Keweenawan 
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rocks, which is probably one of the most complete and reliable ever 
made, as it depends on positive data — even allowing for mistakes made 
by the foremen, and for accidents that sometimes confuse and impair 
deep well records. There were m^de fourteen drill-holes, the deepest 
being 1,038 feet These are so distributed that, by comparing their 
records, allowing for their overlapping and for faults, they develop a 
total thickness of strata amounting to 6,400 feet, of which, at the bot- 
tom, about 250 feet consist of red felsyte. They consist of lavas and 
amygdaloids, with conglomerates. 

The discussion of this section, and the extension of its significance 
so as to cover the whole of Isle Royale, coupled with some examina- 
tion further east, constitutes the larger part of Dr. Lane's report. 
He adds, however, an important chapter on diabase dikes on the 
south side of lake Superior, which cut there the rocks of the iron-bearing 
series, and which are considered the equivalents of the intrusive "Lo- 
gan sills" of the Animikie, described by Lawson, thus representing on 
the south shore the same relations to the rocks of Keweenaw point 
as the sills of the Animikie bear to the flows of Isle Royale. 

The scientific work of Dr. Lane is marked by his well-known 
thoroughness and penetrativeness. This is exhibited not only in his 
cautious treatment of the question of the succession of strata in the 
drill-holes studied, but also in his discussion of "the grain of rocks," 
and in his petrographic investigations. We can only briefly note some 
of the most important scientific conclusions of Dr. Lane's report, viz.:- 

1. He is disposed to approve Irving's rather than Lawson's esti- 
mate of the thickness of the Keweenawan of the north shore of lake 
Superior, and makes a suggestive attempt to correlate the parts of the 
I.^ile Royale section with the principal members of Irving's section 
between Duluth and Pigeon point. 

2. He allows for several faults in the Isle Royale section, some 
existing with tolerable certainty and others having a rather "retiring 
disposition," and being, perhaps, assumed rather than proved. 

3. Overlying the section of rocks penetrated by the drills is a 
great thickness of conglomerate and red sandstone amounting to 
2.6cx) feet, these occupying the southwest part of the island. This may 
contain also later lava flows, but no drill-hole has penetrated it. 

4. There is no "proper gabbro" on Isle Royale, at least none has 
been discovered. 

5. The rock locally known as "The greenstone" on Isle Royale is 
a coarse ophitic diabase, extending the whole length of the island 
and constituting its highest parts. This is a gigantic surface flow, 
^ZZ feet thick, and is supposed to correspond with a similar member 
of the Keweenaw Point section which has a thickness of 1,193 feet, 
and to the Beaver Bay diabase of Minnesota. 

6. Under the head "grain of rocks" some of the common notions 
as to rate of cooling being dependent on the bulk of the mass and the 
relative size of the grain being a result of slow or quick cooling are 
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put into definite form, expressed in mathematical terms and presented 
diagrammatically by a plate of contours showing the variation of grain 
at different distances from a cooling surface. In making application of 
the principles deduced the author chooses the augite of the ophytes, 
and, making measurements of numerous augites as they appear in thin 
section tmder the microscope, he found, practically, that in flow 
masses the increase in the size of the augites continues from the mar- 
gin to the center of the mass; that the area of a cross-section of a 
grain varies as the square of the distance of the latter from 
the margin; that the area of a cross-section of a grain varjes 
directly as the slowness of cooling, and that the linear dimensions of 
the augite patches are directly as the distance from the margin; but 
that 'in Keweenawan intrusive rocks the size of the grain increases 
from margin toward the centre rapidly for a certain distance, re- 
mains uniform through a central belt and diminishes again on ap- 
proaching the opposite side of the mass; and these truths are ap- 
plied also to the feldspars, the olivines and the iron oxides, though 
with less conclusive result. 

7. The direction of the general ice movement of the glacial epoch 
was from the northeast, or nearly in the direction of the strike of the 
rock ridges, but a little more from the east, so that the grooves run 
slantingly slowly up the ridges. 

8. The highest terrace of the lake is 490-498 feet above the lake, 
the greatest hight of the island being only 500 feet, with several ter- 
races at lower levels. 

9. Micropegmatyte is considered an original structure when seen 
in the diabases cutting the iron-bearing rocks, especially in that of 
Lighthouse point, at Marquette. 

Dr. Hubbard's discussion of the felsytes is equally interesting and 
important, and is more systematically and smoothly presented. Dr. 
Hubbard first gives a lot of details of observation at Schlatter lake, 
a*: Bare hill, Mt. Houghton, and other adjacent localities, mainly per- 
taining to the felsyte and its structural relations. From these he de- 
duces some interesting conclusions, and then proceeds to give some 
new facts and interpretations as to the general structure of Keweenaw 
point. From his report we can summarize briefly the following main 
results, some of which, while considered still as h)rpothetical by the 
author, he presents as the most probable explanation of the facts. 

1. Keweenaw point consists, at least eastward from Allonez g^ap, 
of two -principal trap ridges, the northern being known as "the green- 
stone," and the southern as the *'Bohemian range," the southern ex- 
tending to the extremity of Keweenaw point, and its rocks dipping 
northward below the greenstone range. 

2. The acid or felsrtic rocks prevail in the bottom of the Bohe- 
mian range, both as conglomerates and as instrusives and flows. 

3. In several instances, notably at Fish Cove Knob, West Pond. 
Bare hill, etc., the felsyte as an intrusive amongst the basic traps is 
plainly later than the traps; but they also appear to have formed inde- 
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peildent masses round which later traps and conglomerates adjusted 
themselves. These masses appear to have been lens-shaped. 

4. The Keweenawan beds were probably not laid down horizontal- 
ly and subsequently tilted, but accumulated on the sloping rim of a 
basin, which rim and slope they accentuated by their viscidity and rapid 
cooling. In this growth the acid rocks contributed more, pro rata, 
ac(!ording to bulk than the basic 

5. There is no evidence of special local subsidence due to the ac- 
cumulation of the Keweenawan rocks, but such subsidence must be 
considered, if it has occurred, as a differential change of level or pro- 
cess of mountain-building which began in pre-Keweenawan time. 

6. The Stannard rock, which is a reef oflF the extremity of Kewee- 
naw point, cannot be considered as necessarily a continuation of the 
fels)rte rocks of the horizon of Mt. Houghton, but may be the focus 
of a separate eruption, or the remains of a mountain around and over 
which the Keweenawan lavas flowed. 

7. The rocks of Mt. Bohemia, a conspicuous part of the Bohemian 
range, are different from all other rocks on Keweenaw point, embrac- 
ing augitic syenyte and orthoclase-gabbro, and those rocks form a 
mass probably intrusive in the melaphyrs. 

8. There is evidence that the upper portion of the Keweenawan 
series on Keweenaw point has suffered a slide-faulting, involving the 
strata above the Kearsarge conglomerate, by which they have been 
moved along an inclined plane a distance of nearly three miles, an 
important element in shaping the topography of the peninsula and in- 
timately connected with its copper deposits. 

9. This movement may have separated the Greenstone And its over- 
lying beds from the summit of the Bohemian range. Originally the 
southeastern face of the Greenstone escarpment may have coincided 
with the southeast face of the Bohemian range. 

10. On Keweenaw point there are at least five more or less marked 
"horizons of medium acid to very acid rocks. 

11. The "eastern sandstone", although apparently running below 
the traps of the Keweenawan at some places, really belongs above 
them, and all appearances of subter-position must be interpreted in 
5>ome way consistent with the later date, and normal superposition 
of that sandstone. 

12. The south side of Keweenaw point was an old sea cliff and not 
a fault scarp. Against and on it the eastern sandstone was deposited. 
Any faulting that may be observed between the eastward or southward 
sloping traps and the overlying sandstone is simply a contact phenom- 
enon. 

13. The valley in which Portage lake lies is not due to a fault 
across Keweenaw peninsula. 

The volume is terminated by an appendix on "the crystallization 
of calcite from the copper mines of lake Superior," by Mr. Charles 
Palache, who defines 87 different forms, 32 of them being new to 
calcite. 
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The appearance of this volume marks an epoch in the . geological 
work of th6 Michigan survey, as well as in the progressive investiga- 
tion of the Keweenawan formation in general, and is highly creditable 
to all parties concerned. The Michigan Board of Geological Survey 
has not been one of the most energetic in promoting the enterprise 
for which it stands responsible in the state of Michigan, and has al- 
lowed much time and numerous opportunities to pass unimproved. 
By issuing a few more such publications, however, it would recover 
the esteem and receive the thanks of the geologists of the country. 

N. H. W. 
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students and amateurs. Part II, Palaeontology; pp. 93-403, pi. 28, figs. 
1-263, index. (Bull. Buff. Soc. Nat. Sciences, vol. 6. nos. 2, 3, 4, Sep- 
tember, 1899.) 

Hitchcock, C.H. 

William Lowthian Green [Portrait]. (Am. Geologist, vol. 25, pp. 
1-9, Jan. 1900.) 

LeConte, Joseph. 

A Century of Geology. (Pop. Sci. Month., vol. 56, pp. 431-444. Feb. 
1900.) 
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Lambe, Lawrence, M. 

A Revision of the genera and species of Canadian paleozoic corals; 
Madreporaria perforata and the Alcyonaria. (Cont. Can. Pal., vol. 4, 
part. I, pp. i-giS, 5 plates, 1899, Geol. Soc. Can.) 

Mendenhall, T. C. 

Edward Orton, Educator. (Science, N. S., vol. 11, p. i, Jan. 5, 
1900.) 

Miller, W.G, 

Corundum and other minerals. (Rep. of Bureau of Mines, vol. 8. 
part 2, pp. 205-240, Toronto, 1899.) 

[Orton, Edward. 

Sketches by Pres. T. C. Mendenhall and G. K. Gilbert. (Science, 
N. S., vol. II, pp. i-ii, Jan. 5, 1900.) 

Parks, William Arthur. 

The Nipissing-Algoma boundary. (Rep. Bureau of Mines, vol. 8, 
part 2, pp. 175-196, Toronto, 1899.) 

Penf ield, S. L. 

Graftonite, a new mineral from Grafton, N. H., and its intergrowth 
with triphylite. (Am. Jour. Sci., N. S., vol. 9, pp. 13-20, Jan. 1900.) 

Preston, E. D. 

The Copper river delta. (Nat. Geog. Mag., vol. 11, pp. 29-32, Jan. 
1900.) 

Schrader, F. C. 

The Cape Nome Gold district. (Nat. Geog. Mag., vol. 11, pp. 15-24, 
Jan. 1900.) 

Smith, Geo. Otis, (G. W. Tower and). 

Geology and mining/industry of the Tintic district, Utah. (19th 
An. Rep. U. S. Geol. Sur., 1897-1898 [1899], part 3, pp. 603-784, plates 
and maps.) 

Stone, G. H. 

Glaciation of central Idaho. (Am. Jour. Sci., N. S., vol. 9, Jan. 
1900, pp. 9-13). 

Tower, Geo. Warren, (and G. O. Smith). 

Geology and mining industry of the Tintic district, Utah. (19th 
An. Rep. U. S.. Geol. Sur. 1897-98 [1899], part 3, pp. 603-784, plates 
and maps.) 

Washington, Henry S. 

Some analyses of Italian volcanic rocks (II). (Am. Jour. Sci., vol. 
9, pp. 44-54, Jan. 1900.) 

Willmo . A. B. (A. P. Coleman and). 

Michipicoton Iron range. (Rep. of Bureau of Mines, vol. 8, part 
2. pp. 254-258. Toronto, 1899.) 

Wooster, L. C. 

Educational values of the natural sciences. An address at Em- 
poria, Kansas, 8vo., 18 pp., 1899. 
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Professor W. M, Davis has been elected correspond- 
ing secretary of the American Academy of Arts and Scien- 
ces, vice Mr. S. H. Scudder, resigned. 

Prof. W. G.Miller, of the Kingston, (Ont.) Mining 
School, is in North Carolina with a view to the examination 
of the mica and corundum deposits of that state. 

Mr. a, W. Grabau, Morgan Fellow at Harvard Uni- 
versity, has been appointed to take charge of the instruc- 
tion in geology at Rensselaer Polytechnic Institute, Troy, 
New York. 

Professor G. K. Gilbert has been elected to succeed 
the late professor Orton as president of the American Asso- 
ciation for the Advancement of Science, filling the unex- 
pired term. 

Mr. F. W. SpeRr, Secretary of the Lake Superior 
Mining Institute, has announced the next meeting of the 
Institute, to be held at Iron Mountain, Mich., Feb. 6, when 
papers will be read by O. C. Davidson, H. H. Dyer, L. M. 
Hardenburg, James McNaughton and A. W. Thompson, 
followed by a banquet Thursday evening. Excursions will 
be made to Lower Quinnesec falls, and to the Iron River 
and Crystal Falls districts. 

There is a list of Publications relating to South 
American geology, recently printed in Vol. Ill, pp. 522-533, 
of the Revista do Museu Paulista, Sao Paulo, by Dr. H. 
von Ihering, including the years 1897 ^"^ 1898; and a simi- 
lar list of Soqth African geology published by the Geologi- 
cal Commission of the Colony of the Cape of Good Hope, 
by H. P. Saunders, South African Museum, Cape Town, 1897. 

Burning of Buchtel College — Akron, O. Buchtel 
College was destroyed by fire on the evening of Dec. 20. 
We take the following from the Akron Beacon of Dec. 21: 
The origin of the fire is a mystery. The fire started in the attic at 
the east end and in three hours the Duilding was burned to the ground. 
Hundreds of people assisted the members of the faculty in removing 
the contents. 

The collections were the result of years of work and care on the 
part of Dr. E. W. Claypole assisted by scores of his enthusiastic students. 
He gave them to the institution when he left for California in 1898. 

TJiey consisted of local and foreign birds, many of them carefully 
stuffed and mounted, with great numbers of prepared skins, all in excel- 
lent condition and of thousands of geological specimens named and 
placed in order, with botanical, geological and mineralogical collections 
the result of fifteen years of labor at Akron and elsewhere. All was in 
readiness for the completion of a new Science Hall, whose foundations 
were already laid. Not a case of these specimens, including a few 
types, was saved for the fire reached them long before they could be 
removed. 
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\ In the various departments was a large number of instruments, 
microscopes, spectroscopes, polariscopes, cameras, &c., and a valuable 
X ray apparatus recently presented by residents of Akron. 

The Geological Survey of Western Australia has 
issued a New Year's souvenir card, which not only shows 
enterprise but furnishes information. Within a gilt border 
is crowded, in a space seven and a half by two and three 
quarters inches, an amount of scenic and industrial geology, 
with artistic embellishment, not often seen in a ^pace equal- 
ly small. In the northeast corner is the seal of the survey, 
surrounded by rock structure, vegetation and scrolls. Im- 
mediately below it is a view of an exploring party halted in 
a great canon or "the Devil's Pass, Lennard river — Kimber- 
ly, G. F.," whose vertical cliffs rise above the forest and 
valley vegetation in pinnacles and serrated outline. This is 
enclosed within an oval border outride of which are scenes 
of characteristic Australian vegetation, and a border filled 
with Tertiary fossil shells. The whole center of the card 
represents an underground mining scene with the parapher- 
nalia of an air-pressure drill at work in the overhead wall. 
The circular wreath which surrounds this scene is composed 
apparently of some coarse Australian leaves, and along the 
border above it is an ideal section of rocky strata with ex- 
aggerated dikes, dips and non-conformable structures. The 
left-hand one-third of the card has three views, besides the 
embellished border which is similar to that already de- 
sctibed. The chief of these is a Gothic stone structure, 
built in form of a Greek cross, with low walls but high sharp 
gables and steep roofs, evidently a costly and elegant build- 
ing, properly fenced and shaded, labelled '^office and mus- 
eum." One of the others shows an old-fashioned well-sweep, 
and is labelled "well on the Murchison," This probably 
represents some interesting locality, but to an American un- 
acquainted with Australian local history its significance is 
not apparent. To the right of this well-sweep is seen ap- 

f)arently a new mining town with steam and smoke stacks, 
abeled "Lake View, G. M." The whole is printed on light 
green Bristol card, in blue ink, and the draughtsman's name 
is R. H. Irwin. Sands and McDougal, Limited, printers, 
Perth. The chief geologist's name is not given, but from 
. other sources it is known to be A. G. Maitland. 

Prof. Thomas Egleston, of the Columbia College 
School of Mines, died in New York, Jan. 15, aged 67 years. 
A brief sketch of his life, with portrait, is in the Engineering 
and Mining Journal for Jan. 20. 
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INTRODUCTION. 

The discovery of natural gas in March, 1896, at Baldwins- 
ville, New York, twelve miles north of Syracuse, led to the 
drilling of a number of test wells in central New York. The 
writer obtained samples of the drillings from several of these 
wells, which have been studied and their geological sections 
tabulated. 

The publication of these sections will give us a better idea 

♦Presented at the December, 1899, meeting of the Geological Society 
of America. 
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of the thickness of the Lower Silurian formations in central 
New York and will supplement the writer's earlier papers on 
this subject.* 

In the description of the sections we will begin at the east 
and proceed toward the west, and in this order the first well 
tor consideration will be the one at Ilion, which was drilled 
by the Remington Standard Typewriter Co. in their factory 
yard, its mouth being only a short distance from the bank of 
the Erie canal. I am indebted to the company, especially Mr. 
B. B. Van Deusen for samples from this well. 

SECTION OF THE ILION WELL. 

(Mouth of well approximately 405 feet A. T.) 



NO. OF 
SAMPLE 



DEPTH 
IN FEET 

190 



195 



260 



325 



475 



580 



DESCRIPTION OF SAMPLE FORMATION 

A magnesian limestone mixed 

with calcareous sandstone 

and chips of a black shale 

which were probably from 

loose blocks and not from 

bed rock. 
Black shale with brownish 

streak, quite strong efferves- 
cence in cold HCI. 

Browner streak and coarser 
chips. 

Blacker, finer chips and 
more calcareous. 

Fine chips, light to dark gray 
in color, which effervesces 
very strongly in cold HCI. 

Light gray to drab sample, 
containing grains of iron py- 
rites. Effervesces very 
strongly in cold HCI, and 
when that ceases, efferves- 
ces strongly on heating. 
Some clay-like residue with Birdseye 
a little sand. stone. 



Drift 

Utica shale 

Utica shale 

Utica shale 

Trenton lime- 
stone 



lime- 



*In Petroleum and Natural Gas in New York State. (Trans. Am. 
Inst. Min. Engineers, vol. XVI, 1888, p. 940.) 

The Thickness of the Devonian and Silurian Rocks of western cen- 
tral New York. (American Geologist, vol. VI, 1890, p. 199.) 

The Thickness of the Devonian and Silurian Rocks of central New 
York. (Bull. Geo!. Soc. America, vol. 4, 1893, p. 91.) 
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7 600 Rock about the same but finer 

chips, light gray to drab in 
color. Strong effervescence 
in cold HCl followed by eff- 
ervescence on heating. 

8 630 Light gray, fine chips which 

effervesce slightly in cold 
HCI and somewhat more 
strongly on heating. Resi- 
due partly fine grains of sand. 

9 645 Coarser chips, light gray, silic- 

ious sandstone, slight effer- 
vescence in cold HCl. Typ- 
ical Calciferous sandrock. 
At 655 and 675 feet similar 
samples. 

10 700 Fine, very light gray grains 

which effervesce strongly on 
heating in HCl, but not in 
cold acid. Similar samples 
at 705. 750 and 780 ft. 

1 1 795 Very fine light gray grains. 

No effervescence in cold 
HCl, but strong on heating. 
Magnesian limestone. "Gas 
at about 800 ft." 

12 83S Moderate effervescence in 

cold HCl which becomes 
very strong on heating. 
Similar samples from 840, 
885, 900 and 915 ft. '^Gas 
at 950 ft." 

13 980 Fine dark gray chips. Some 

effervescence in cold HCl, 
but much more on heating. 
"Stratum 2]/^ ft. thick.'* One 
of the dark layers of the 
Calciferous. 

14 985 Fairly light gray rather 

strongly quartzitic sand- 
stone. Some effervescence 
in cold HCl but more on 
heating. 

15 1002 Light gray mostly very fine 

grains. Effervesces slowly 
in cold HCl and much more 
strongly on heating. "Meas- 
ured by steel tape line." 



Birdseye 
limestone 



Calciferous 
sandrock 



Calciferous 
sandrock 



Calciferous 
sandrock 



Calciferous 
. sandrock 



Calciferous 
sandrock 



Calciferous 
sandrock 



Calciferous 
sandrock 



Calciferous 
sandrock 
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1 6 1003 "Salt water and gas» gas 

burned size of pipe 4 ft. 
high, stratum about 6 ft. 
thick." Mixed sample, part- 
ly light and partly dark gray 
color. Slight effervescence 
in cold HCl, which becomes 
•stronger on heating. 

17 1012 Light gray very fine grains, no 

effervescence in cold HCl, 
but some on heating. 

18 1017 Very fine light gray to buff 

grains. No effervescence 
in cold HCl and scarcely 
any on heating; very silic- 
ious sandstone. 

19 1020 Fine grains almost white like 

quartz. No effervescence in 
either hot or cold HCl . 

20 1025 Very fine grains of light gray 

to slightly buff color. No 
effervescence in cold HCl, 
but a moderate amount on 



Calciferous 
sandrock 

Calciferous 
sandrock 



Calciferous 
sandrock 

Calciferous 
sandrock 







heating. Similar samples at 


Calciferous 






1030 ft. 


sandrock 


21 


1035 


Sample similar to above but 
composed largely of quartz 








grains. Ditto at 1040 and 


Calciferous 






1048 ft. 


sandrock 


22 


loss 


Quartz grains larger and a lit- 
tle more calcareous. Effer- 








vesces slightly in cold HCl. 


Calciferous 






Similar sample at 1060 ft. 


sandrock 


23 


1070 


Mostly grains of white 


Calciferous 






quartz. 


sandrock 


24 


lOQS 


Very fine light gray powder 
with some larger grains of 








quartz. Effervesces slightly 


Calciferous 






in cold HCl. 


sandrock 


25 


HOC 


Light gray fine grains largely 








quartz, but some efferves- 


Calciferous 






cence in cold HCl. 


sandrock 



26 lies Fine quartz sand. Similar at 

1 108 ft. Probably top of the 
gneiss. 



Laurentian 



GaS'Well Sections in Central New York. — Prosser. 



135 



27 mo Fine grains of whitish quartz 

sand. Similar sample at 

1 1 12. Laurentian 

28 1 1 14 Quartz grains with some of 

greenish color. Similar sam- 
ples from 1 1 16 and 1 1 18 ft., 
but these contain more of 
the greenish grains. Laurentian 

29 1 120 Light gray quartz grains with 

some dark ones. Ditto 

from 1 122, 1 125 and 1127 ft. Laurentian 

30 1 130 Larger proportion of the dark 

colored grains. Laurentian 

31 1 133 Fine grains of white quartz 

mixed with quite a large 

amount of the dark grains. Laurentian 

32 1135 Fine grains with a larger pro- 

portion of the dark ones. 

Bottom of the well. Laurentian 



Diagrammatic Section of the Ilion Well. 

DEPTH, thickness. FORMATION. 



195' 

475' 
580' 
630' 

1 105' 
H35' 



195' 



280' 



105' 



50' 



47S' 



30' 



Drift. 



Utica shale. 



Trenton limestone. 



Birdseye limestone; some of the lower 30 feet may 
be in the Calciferous. 



Calciferous formation. 



Laurentian gneiss. 
Bottom of Well, 



From the above section it will be seen that the Ilion well 
passed through 195 feet of superficial material before reaching 
bed rock. This proof of a former deep rock basin in the Upper 
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Mohawk Valley has already been described by Prof. Brig- 
ham.* Then the well entered the lower part of the Utica shale, 
passing through 280 feet of this formation. Apparently 105 
feet of Trenton limestone was found, and at least 20 feet of the 
Birdeseye limestone. The samples from 580 and 600 feet are of 
this sitb-formation, and if it continued to the samples from 
630 feet then the Birdseye is 50 feet thick. The sample 
from 630 is clearly in the Calciferous sandrock, which appar- 
ently continued to 1 105, which would give a thickness of 475 
for the Calciferous sandrock. It is a little difficult to decide 
precisely where the Laurentian gneiss began ; but it is appar- 
ently at 1,105 f^» ^" which case the well entered the gneiss to a 
depth of 30 feet. 

Samples of the drillings from a depth of 1,116 and 1,133 feet 
were submitted to Dr. A. C. Gill, of Cornell University, who 
wrote me as follows : 

"I have examined the samples and find that they arc doubtless frag- 
ments of a hornblende-gneiss. The one from 1 1 16 seems to be less fresh 
than 1133, 3"^ 3 \\X\\^ more acid. Both contain large quantities of mag- 
netite, and 1 1 16 has some rusty spots which I have not investigated, but 
which I think are pyrite or pyrrhotite weathered since the boring."t 

Gas was not obtained in commercial quantities, but it was 
found in small amount at three horizons in the Calciferous 
sandrock, at depths of 800, 950, and 1,003 ^^^^^ which are 
respectively 170, 320, and 373 feet below the top of the for- 
mation. 

The thickness of the Trenton and Calciferous formations. , 
as determined from this well, is somewhat greater than in the 
measured section at Little Falls, 10 miles E. N. E. The Cal- 
ciferous formation at Little Falls, as measured by Mr. Cum- 
ings and myself, is 452 feet in thickness, Jwhile in the Ilion well 
it is at least 475 and possibly nearly 500 feet thick. The 
Birdseye and Trenton limestones have a thickness of 109 feel 
at Little Falls, while in the Ilion they are at least 125 and pos- 
sibly 155 feet thick. At the bottom of the Trenton there is at 
least 20 feet of limestone, which has the lithologic character of 
the Bi rdseye, and a part of the 30 feet between the last sample 

♦Bull. Geol. Soc. Amer.. vol. g, 1898, p. 188. 

tLetter of Jan. 5, i8()8. 

J 15th Ann. Kept. State Geolo^rjst [New York], 1898, pp. 634. 635. 
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of the Birdseye limestone and the first one of the Calciferous 
formation probably* belongs in the Birdseye, although it seems 
rather improbable that all of the 30 feet is in this limestone. 
To the north of Newport, some 12 miles north of Ilion, 323^ 
feet of Birdseye and transitional Birdseye limestone have been 
measured.* 

At Utica, by the bank of the Erie canal, the Central New 
York Pottery Co. drilled a well to a depth of about 860 feet, 
but unfortunately no samples of the drillings were saved. Mr. 
Charles N. White, the company's manager, reported to me 
that the bed rock was reached at a depth of 61 feet ; the Tren- 
ton limestone at 543 feet, which wa^ 303 feet in thickness, 
1 13 feet of which was fossil limestone, and the well was drilled 
6 feet into the Calciferous sandrock. Four small veins of gas 
were struck in the Trenton limestone and plenty of salt water. 
The mouth of the well is about 400 feet A. T. 

Several wells have been drilled in R4me for natural gas, 
and a set of samples from the one drilled by the Rome Brass 
and Copper Company was kindly sent me by Dr. W. L. Kings- 
ley. The mouth of this well is in the company's yard near the 
level of the Central railroad and the Mohawk river and is 
known as the second Rome well. 

SECTION OF THE ROME WELL.f 
(Mouth of well approximately 445 feet A. T.) 



NO. OF 


DEPTH 






SAMPLE 


IN FEET 


DESCRIPTION OE SAMPLE 


FORMATION 


1 


I-16 


Soil and marl. 


Drift 


2 


16-30 


Clay. 


Drift 





30 


Soil and gravel. 


Drift 


4 


95 


Mainly greenish to bluish 
sandstone with some chips 
of slightly reddish ss. 








Gravel. 


Drift 


5 


107-117 


Bluish shale and ss., with 








plenty of clay. 


Drift 



♦Ibid., pp. 627-629. 

t While this paper is passing through the press a report on "Petroleum 
and Natural Gas m New York" (Bull. N. Y. State Museum, vol. 6, No. 
30) by Dr. Edward Orton has appeared, in which is a condensed section 
of the Rome well (see pp. 480, 481). 
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6 1 17-125 



13 
14 



»9 



125-140 
206 

3S0 

450 

550 

^600 



630 
650 



'5 


658 


16 


665 


17 


680 


18 


705 



715 



735 



740 



Mainly bluish shale and 
ss., with some chips of 
Trenton limestone and 
others of redish quartzose 
ss. Gravel. 

Blue argillaceous shale 
clearly Hudson. 

Clear blue argillaceous 
shale; no effervescence in 
cold HCl. 
Black argillaceous shale 
with brown streak; strong 
effervescence in cold HCl. 

Notf so black as No. 9. Ef- 
fervesces in cold HCl. 

Black argillaceous shale. 
Effervesces in cold HCl. 

Bluish black argillaceous 
shale with whitish streaks. 
Fair effervescence in cold 
HCl. 

Ditto. 

Black argillaceous shales 
mixed with chips of lime- 
stone. The top of the 



Drift 
Hudson 

Hudson 

Utica shale 
Utica shale 
Utica shale 



Utica shale 
Utica shale 



Trenton limestone. 


Trenton 


Chips of mainly blue lime- 




stone; some black shale. 


Trenton 


Dark gray to bluish lime- 




stone. Crinoid segments 




in larger chips. "Gas." 


Trenton 


Ditto. 


Trenton 


Light gray limestone. Very 




strong effervescence in 




cold HCl. 


Trenton 


Ditto with fragments of 




Brachiopods and Crinoid 




segments. "Gas at 725 


• 


ft.** 


Trenton 


Light gray very fine chips 




which effervesce very 




strongly in cold HCl. 


Trenton 


Ditto with some chips of 




black shale. 


Trenton 
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22 760 

23 765 

24 855 



25 



26 



27 



28 



29 



875 



900 



925 



1000 



1025 



30 1050 

3« >o75 

32 '085 

33 »095 



Same as No. 20. 
Ditto. 

Dark gray limestone, Cri- 
noid segments; not as 
strong effervescence in 
cold HCl. "At 860 ft., 
largest flow of gas." 

Dark gray to bluish lime- 
stone; fragments of Bra- 
chiopods, Orthis (Dalma- 
nella) testudinaria Dal. 

Mainly bluish gray lime- 
stone; slight efferves- 
cence in cold HCl. 

Light gray limestone with 
stronger effervescence in 
cold HCl, mixed with 
chips of blackish, non- 
calcareous shale. 

Bluish gray limestone, 
strong effervescence in 
cold HCl. 

Very compact and fine 
grained drab limestone 
which effervesces very 
strongly in cold HCl. In 
color and appearance 
like Birdseye limestone. 

Similar in color and effer- 
vescence to No. 29, but 
chips are finer. 

Ditto, but chips are 
coarser. 

Grayish, sparkling lime- 
stone which does not ef- 
fervesce so strongly in 
cold HCl, but is strongly 
calcareous* 

Light gray, shining calca- 
reous sandstone; quartz 
grains that glisten in the 
rock. Fairly strong ef- 
fervescence in cold HCl. 



Trenton 
Trenton 



Trenton 



Trenton 



Trenton 



Trenton 



Trenton 



Birdseye 
limestone 

Birdseye 
limestone 

Birdseye 
limestone 



Calciferous 



Calciferous 
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34 1106 Sample composed largely 

of grains of white quartz 
sand. Slight efferves- 
cence in cold HCl, which 
is slightly stronger on 
heating. 

35 1 1 10 Mainly light gray quartz 

sand which is not so 
white as No. 34. 

36 1 123 Mainly white quartz sand. 

"Salt water." 

37 1 135 Dark gray limestonewhich 

effervesces moderately 
in cold HCL and strong- 
ly on heating. 

38* 1 1 55 Ditto but finer chips. 

39 1260 Lighter gray limestone 

than No. 37 which scarce- 
ly effervesces at all in 
cold HCL, but strongly 
on heating. 

40 .1275 White quartz sand; no ef- 

fervescence in cold or 
hot HCL. 

41 1295 Ditto but' sample is badly 

rusted and contains some 
blackish grains. 
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42 


'350 


Ditto. Slightly finer grains 
of quartz; a few blackish 
ones. 


43 


1375 


Ditto; a few blackish to 
greenish grains. 


44 


1400 


Ditto with some greenish 
grains. 


45 


1560 


Mainly grains of white 
quartz. Dr. Gill re- 
ported "quartz, feldspar, 
magnetite and weath- 
ered hr/rnbiende." 



46 



1 56 1 Ditto, but more of the 

weathered hornblende 
and apparently a few 
flakes of mica. 



Calciferous 



Calciferous 



Calciferous 



Calciferous 
Calciferous 



Calciferous 



Calciferous 



Calciferou 



Calciferous 



Calciferous 



Calciferous 



Archean gneiss 



Archean gneiss 
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47 1562 Plenty of small flakes of 

mica with grains of 
quartz and feldspar like 
the schists at the top of 
the Archean in the Mo- 
hawk Valley. Prof. 
Kemp reported "quartz, 
microcline, orthoclase, 
biotite, magnetite, and 
green pyroxene. Clear- 
ly a granitic gneiss." Archean gneiss 

48 1575 Prof. Kemp reported 

"quartz, orthoclase.some 
magnetite.and almost no 
dark silrcates, sample 
practically like the last 
one with the exceptions 
noted." Archean gneiss 

4g 1581 Ditto but with smaller 

quantity of hornblende. Archean gneiss 

50 1583 Ditto, but very badly 

rusted. Archean gneiss 

51 1 585- 1 597 Prof. Kemp reported 

"much biotite, and dark 
green hornblende, com- 
paratively little feldspar 
or quartz. Evidently a 
dark basic streak in an 
otherwise granitic gne- 
iss." Archean gneiss 

52 1602 Prof. Kemp reported 

"quartz, orthoclase, plag- 
ioclase, magnetite, a little 
green pyroxene, some 
brown biotite." Archean gneiss 

53 1618 Composed principally of 

grains of white quartz, 
some feldspar, with 
flakes of mica and 
grains of hornblende (?) Archean gneiss 
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54 1632 Prof. Kemp reported on 

chips from this horizon 
as follows? ''It is granit- 
ic gneiss, usual Archean 
type and contains quartz, 
biotite and probably or- 
thoclase. Sand from 
1632, drillings appar- 
ently from a rock like the 
chips contains quartz, 
orthoclase, little pla- 
gioclase, biotite and 
zircon." Bottom of well. Archean gneiss 

A piece of rock, said by the drillers to have been obtained 
from between 1,400 and 1,560 feet, contains, according to Prof. 
Kempt, "orthoclase, quartz and apparently decomposed biotite, 
now chlorite. It is a pegmatyte and looks to me like a piece of 
a pebble from a conglomerate." 

Samples of the drillings from this well from 1,560 feet 
down to the bottom were examined by Prof. J. F. Kemp, of 
Columbia University, and Dr. A. C. Gill, of Cornell University, 
and they agree in referring the lower part of the well section 
to the Archean. Prof. Kemp wrote that "all the samples ex- 
amined are rather characteristic of the quartzose or granitic 
gneisses, which are very widespread in the Adirondack 
Archean, for all the phases of composition cited above can be 
matched readily among them."* 

Dr. Gill reported that the samples "represent a series such 
as occur in surface exposures in the Adirondacks and are all 
crystalline. In the surface exposures studied there is an alter- 
nation of layers containing much hornblende with others in 
which it is not so conspicuous. The specimens are surely 
Archean gneiss." 

This well reveals a deep channel under the city, filled by 
drift, which has been mentioned by Prof. Brigham.f The 
line between the Hudson and Utica shale is not accurately 
known, since no samples were saved from the lower 144 feet 
of the Hudson River ; but if that shale continues to a depth of 
350 feet then there are only 300 feet of Utica shale in this well. 

♦Letter of Nov. 30,1897. 

jBull. Geol. See. Amer.,vol. 9, p. 190, 
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Diagrammatic Section of the Rome Well. 

DEPTH, thickness. FORMATION. 



125' 



350' 



125' 



.225' 



Drift. 



Hudson shale. 





300' 




Utica shale. 


650' 




Largest 




860' 




flow of gas. 




375' 




Trenton limestone. 


1025' 








1085' 


60' 


Birdeye limestone. 




475' 




Calciferous formation. 


1560' 

1632' 


72' 




Archean gneiss. 
Bottom of well. 









The sample from a depth of 650 feet, which was composed 
partly of Utica shale and partly of limestone with almost clear 
Trenton at 658 feet, closely determines the line between the 
Utica shale and Trenton limestone. This gives a thickness of at 
least 300 feet for the Utica shale, or if the sample from a depth 
of 206 feet is from the bottom of the Hudson shale then there is 
a thickness of 444 feet. It is probable that the actual thickness 
of the Utica shale in this well lies somewhere between the two 
estimates of 300 and 444 feet. The thickness of the Utica 
shale in the wells near Rome is as follows: At Chittenango, 
221/2 miles S. W. of Rome, 293 feet ;*at Sandy Creek, about 43 
♦Prosser, Bull. Geol. Soc. Amer., vol. 4, 1893, P- 99» 
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miles N. W. of Rome, 145 feet;* near Utica, 11 miles S. E. of 
Rome, 710 feet;t and in the Vernon well, about 9 miles S. S. 
W. of Rome, 300 feet. 

The 375 feet of Trenton and 60 feet of Birdseye limestone 
combine to give a thickness of 435 feet for the Trenton forma- 
tion in the Rome well, while apparently it is only 350 feet thick 
in the one at. Vernon. In the Globe Woolen mills well at 
Utica 330 feet of dark blue Trenton limestone was' reported 
and below this 180 feet of drab to bluish-gray massive lime- 
stone, which was also referred to the Trenton.t 

After studying the Rome well and the numerous outcrops 
of these formations in the Mohawk valley it seems to the 
writer that perhaps the upper 80 feet of this drab limestone, 
from 900 to 980 feet in depth, might be referred to the Birds- 
eye limestone, which would give the Trenton formation a 
thickness of 410 instead of 510 feet. 

The lower 100 feet then being referred to the Calciferous, 
would give that formation a thickness of 420 feet, while in the 
Rome well it is 475. The correlation of the lower part of the 
Globe Woollen mills well is a matter of uncertainty, and after 
the study of the Rome well it seems that all or part of the rock 
referred to the Potsdam with a query may belong in the 
Archean gneiss. 

Natural gas was obtained at 665 feet, 15 feet below the top 
of the Trenton and at 860 feet, 210 feet below the top of this 
limestone. The lower horizon was the principal one, where a 
pocket of gas was struck which yielded, according to Mr. J. 
S. Haselton, secretary of the company, between 7 and 8,000,000 
cu. ft. of gas in the first 24 hours. At the end of the first week 
the yield had decreased to 600,000 cu. ft. in 24 hours ; at the 
end of two weeks to 400,000 cu. ft. and in September, 1897, it 
was estimated as about 75,000 cu. ft. Quite large chips of 
Trenton limestone were saved from this horizon, which w*ere 
fossiliferous, six specimens of Orthis(Dalmanella) testudinaria 
Dal, having been found, besides numerous fragments of this 
species. 

♦Ibid., p. 107. 

tWalcott, Proc. Amer. Asso. Adv. Science, vol. XXXVl, 1888, p. 212. 

JProsser, Bull. Geol. Soc. Amer., vol. 4, p. 100. 

« 
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The first well in Rome was drilled by the Rome Factory 
and Building Co. north of the Mohawk river and not far from 
the one just described. According to Mr. Haselton, the sec- 
tion of this well is as follows : 



116' 
216' 

635' 
690' 

832' 



116' 



419' 



Drift. 



Gas. 



Shale, 



Gas. 



Gas. 



Trenton limestone. 



This well is estimated to have yielded about 200,000 cu. ft. 
of gas per day for about two weeks and then the quantity be- 
gan to decrease. 

In the spring of 1898 a well was drilled near Vernon, about 
nine miles S. S. W. of Rome and seventeen miles west of Utica. 
Samples of the drillings from this well were saved by Dr. F. 
A. Gary, who kindly gave me a set. 

SECTION OF THE VERNON WELL. 



NO. OF 
SAMPLE 

I 



DEPTH 
IN FEET 

60 



DESCRIPTION OF SAMPLE FORMATION 

Mainly silicious grains of 
light and dark color; 
some slightly greenish, 
Some effervescence in 
cold HCl, which is slight- 
ly increased on heating. Clinton 



Clinton 



Medina 

Oswego 
san4stone 
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2 63 Grayish ss. or arenaceous 

and argillaceous shale; 
slight effervescence in 
HQ on heating. Clinton 

3 100 Ditto, but mainly gray 

shale with some reddish 
grains of iron and iron 
P)rrites. The grains seem 
to be oolitic and are 
hematite. 

4 115 Mainly clear light gray to 

white quartz sand. Some 
chips of dark gray shale, 
probably from above. 

5 135 Clear bluish-gray argillace- 

ous shale. 

6 150 Light gray slightly green- 

ish ss. composed largely 

of moderate sized quartz 

grains with some iron 

pyrites. A few chips of 

greenish argillaceous Oswego 

shale. sandstone 

7 286 Mainly chips of light and 

dark gray very silicious 
ss., with some dark gray 
to bluish argillaceous 
shale. The ss. is com- 
posed mainly of fairly Oswego 
small quartz grains. sandstone 

8 310 Mainly light gray quartz 

grains with a slightly 

pinkish tint. Some chips Oswego 

of dark gray shale. sandstone 

9 335 Greenish-gray, fine grained 

quartz ss. and greenish Oswego 
argillaceous shale. sandstone 

»o 380 Ditto with blue arenaceous Oswego 

and argillaceous shale. sandstone 

11 420 Ditto, but chips are coars- 

er. Grains of iron py- Oswego 
rites are quite common. sandstone 

12 46Q Ditto. Oswego 

sandstone 
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13 580 Bluish-gray arenaceous and 

argillaceous shales, the 







latter predominating. 
Large chips. 


Hudson 
formation 


14 


670 


Bluish argillaceous shale, 
slightly calcareous. 
Large chips with white 
streak. 


Hudson 
formation 


15 


697 


Ditto, but finer chips. 


Hudson 
formation 


16 


835 


Ditto, coarser chips. 


Hudson 
formation 


17 


910 


Ditto, with a few chips of 
gray arenaceous shale or 
ss. 


Hudson 
formation 


18 


1. 000 


Ditto. 


Hudson 
formation 


19 


1,100 


Clear bluish argillaceous 
shale. 


Hudson 
formation 


20 


1,200 


Bluish black, very argilla- 
ceous shale, with slightly 
brownish streak. Scarce- 
ly calcareous. 


Hudson 
formation 



21 



22 
24 



25 



1,300 Black very argillaceous 

shale with brownish 
streak. Quite strong ef- 
fervescence in cold HCI. 
Chips quite large. Utica shale 

1 ,400 Ditto. Utica shale 

1,500 Ditto, but finer chips. Utica shale 

1.600 Sample contains some 

black shale but is largely 
composed of chips of 
dark gray (with a few 
light ones) limestone: 
strong effervescence in Trenton 
cold HCI. limestone 

1,605 Mostly chips of very dark 

gray limestone which ef- 
fervesce strongly in cold 
HCI. Some light gray Trenton 
chips. limestone 
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26 



27 



28 



29 



30 



31 



32 



1,633 Light gray limestone which 

effervesces very strongly 
in cold HCl. Rather fine Trenton 
chips. limestone 

1,670 Dark bluish-gray lime- 

stone; some of the chips 
are quite large and show 
fragments of Trenton fos- Trenton 
sils. limestone 

1,760 Ditto, but part of the chips 

are of a slightly gray col- 
or and effervesce very 
strongly in cold HQ. Trenton 
Fragments of fossils. limestone 

1,840 Very dark gray to almost 

blackish limestone; a few 
light gray chips. Strong 
effervescence in cold Trenton 
HQ. limestone 

1,880 Light and dark gray lime- 

stone effervescing strong- 
ly in cold HCl. Some of 
the chips are drab in col- Trenton 
or. limestone 

1,950 Light gray limestone which 

effervesces strongly in 
cold HCL, and more on 
heating leaving a consid- 
erable residue of quartz 
grains. This is apparent- 
ly the top of the Calcifer- 
ous sandrock. In the 
bright sunlight the quartz 
grains glisten and this 
sample is like the one 
from the Rome well at 
1,085 which I called the 
top of the Calciferous; 
though a lighter gray but 
not so light as the one 
from 1,095 in that well. Calciferous 

iq68/1 Bottom of well. 
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The condensed record of the above well is shown in tht* 
following diagram. 

Diagrammatic Section of the Vernon Well. 

DEPTH. THICKNESS. FORMATION. 



115' 



115' 



20' 



Clinton. 



Medina. 



-JJ t- 


445' 


Oswego sandstone. 


580' 








720' 


Hudson shale. 


1300' 








300' 


Utica shale. 


1600' 








350' 


Trenton limestone. 


1050' 










Calciferous formation. 


1968 >^' 




1 Bottom of well. 



In the above record the line between the greenish gray 
sandstones, called the Oswego sandstone, and the Hudson 
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shales is somewhat indefinite because no samples were saved 
from between 469 and 580 feet, a thickness of 121 feet. 

In the vicinity of Baldwinsville, 11 miles N. W. of Syracuse, 
where natural gas has been obtained in large quantities, a num- 
ber of wells have been drilled. A set of samples from the 
Talmage well, one mile south of Baldwinsville, was furnished 
me by Mr. C. Pierce, of the Pierce, Butler and Pierce Manu- 
facturing Co., of Syracuse, which has been actively engaged in 
exploring this gas territory. 

SECTION OF THE TALMAGE WELL 
NEAR BALDWINSVILLE. 



NO OF DEPTH 

SAMPLE IN FEET 

I 146 



190 



200 



235 



246 



480 



DESCRIPTION OF SAMPLE 

Soft red argillaceous shale 
reported as the bottom 
of the red shale. 

About one-half of sample 
composed of chips of 
glistening dark gray 
limestone which eflFer- 
vesces slowly in cold HG. 
and strongly when heat- 
ed. The remainder main- 
ly dark gray to blackish 
calcareous shale. 

Mainly fine, dark gray 
chips of limestone which 
eflfervesce strongly in 
cold HQ. "Gas." 

Bluish, very fine grained 
argillaceous limestone 
which eflFervesces very 
strongly in cold HCl. 
"Gas." A few red chips 
probably from the Salina 
above. 

Greenish to bluish shale 
which eflFervesces very 
slightly in cold HCL, but 
strongly on heating. 
Large percentage of clay. 

Light green argillaceous 
shale which is scarcely af- 
fected in either cold or 
hot HCl. 



FORMATION 



Salina 



Niagara 



Niagara 



Niagara 



Niagara 



Clinton 
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9 
10 

II 

12 
13 

14 

15 

16 

17 
18 

19 
20 

21 

22 

23 
24 

25 



620 


Sample contains some 
slightly reddish chips of 
ss., but is mainly blue 
and green shale. Proba- 






bly top of Medina. 


Medina 


660 


Mainly red and white 
grains of quartz sand. 
Some blue and green 






shale. 


Medina 


700 


Ditto. "Gas." 


Medina 


805 


Nearly all red quartz 






grains. 


Medina 


915 


Light colored ss. with 
more chips of green 






shale. 


Medina 


925 


Ditto, some light gray ss. 


Medina 


940 


Mainly light gray to pink- 






ish quartz grains. 


Medina 


975 


Pink and red quartz grains. 


Medina 


995 


Mainly light gn'^y, slightly 
reddish quartz grains, 






with some green shale. 


Medina 


1,030 


Dark red ss. 


Medina 


M35 


Ditto. "Gas." 


Medina 


1,325 


Mainly greenish-gray non- 






calcareous ss. with some 


Oswego 




reddish chips. 


sandstone 


1,620 


Light gray ss. mixed with 


Oswego 




bluish argillaceous shale. 


sandstone 


1,665 


Clear, blue, soft, argillace- 
ous shales. Typical Hud- 






son shale. 


Hudson 


1,725 


Ditto, some grayish ss. 






chips. 


Hudson 


1,745 


Ditto, but mainly blue ar- 






gillaceous shale. "Gas." 


Hudson 


1,775 


Ditto, with more of the 






gray ss. 


Hudson 


x,823 


Nearly clear blue argill- 






aceous shale. "Gas." 


Hudson 


2,020 


Gear blue argillaceous 






shale. 


Hudson 
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26 2^50 At this depth the well is re- 

ported to have reached 
the Trenton limestone. 
Dr. Edward Orton stated 
that in the Monroe well 
the Trenton limestone 
was reached at the above 
' depth, and 120 feet deeper 

**a vigorous gas vein was 
struck, the rock pressure 
of which reached the 
amazing figure of 1,525 
pounds to the square 
inch."* 



Trenton 



Diagrammatic Section of the Talmage Well. 

DEPTH. THICKNESS. FORMATION. 





146' 


Salma shale. 


146' 








3S4' 


Niagara limestone. 


480' 








140' 


Clinton shale. 


620' 








705' 


Medina sandstone. 


1325' 








340' 


Oswego sandstone. 


1665' 








585' 


Hudson and Utica shale. 


2250' 




? Trenton limestone. 



♦Bull. Gcol. Soc. America, vol. q, 1898, p. 95. 
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In the above section 146 feet may not be the base of the Sa- 
lina shale, although so reported, but at 190 is typical Niagara 
limestone. Again at the bottom of the Niagara no samples 
were saved between 246 and 480 feet, a thickness of 234 feet, 
so that the top of the Clinton may be above the 480 sample. 
The thickness of 334 feet for the Niagara limestone, however, 
agrees closely with its thickness in the wells near Syracuse. 
In the State well it was determined as 332* feet, in the Gale 
well, four miles north of Syracuse, 320 feet,t and at Clyde, 36 
miles west of Syracuse, 335 feet.t The Clinton was given as 
149 feet in thickness in the Gale well and 98 feet in the State 
w^ell. Again it is difficult to indicate accurately the line of di- 
vision between the Medina and the Oswego sandstones, on ac- 
count of the absence of a sufficient number of samples from 
that part of the well. The thickness of 705 feet for the Medina, 
however, agrees fairly well with that obtained in neighboring 
wells, although it may be somewhat greater in this one. In the 
Chittenango well, 15 miles east of Syracuse, the Medina is 520 
feet in thickness,§ in the State well 807 feet, and in the Wol- 
cott well, 35 miles N. W. of Syracuse, 690 feet.|| In the Wol- 
cott well the Oswego sandstone was given as 210 feet, below 
which is 170 feet of blue shale alternating with silicious sand- 
stone similar to the Oswego, and below this is 650 feet of 
Hudson and Utica shale. In the Fulton well, about 12 miles 
N. N. W. of Baldwinsville, the Oswego sandstone was given 
as 185 feet thick; the Hudson as 695 feet, and the Utica shale 
as 120 feet.^ 

Mr. M. C. Pierce gave me the depths at which different 
formations were reached in some of the other wells in the vi- 
cinity of Syracuse. In the Names' well the top of the Medina 
is at 750 feet, and the Trenton limestone at 2,270 feet. A 
sample of the Trenton limestone from a depth of 2,616 feet in 
this well was shown me, which contained good specimens of 
Plectambonites sericea (Sowb.) H. and C. and crinoid seg- 

♦Prosser, Bull. Geol. Soc. Amer., vol. 4, 18Q3, p. 102. 

tibid., p. 103. 

JProsser, American Geologist, vol. VI, 1890, p. 204. 

§Bull. Geol. Soc. Amer., vol. 4, p. qq. 

II American Geologist, vol. VI, p. 204. 

TBuU. GeoL Soc. Amer., vol. 4, p. 106. 
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DEPTH. THICKNESS. DESCRIPTION OF SAMPLES. 



40' 
160' 

510' 
530' 

630' 



1120' 



40' 



350' 



20' 



100' 



490' 



555' 



1675' 

1925' 

2050' 

2205' 
2405' 

2795' 



250' 



125' 



»55' 



590' 



"Clay and loam'' according to Mr. Fairbanks. 

1. Mixed chips of reddish, bluish and grayish shales. 

2. Bluish argillaceous shale. Clinton (?). 

3. Grains of fine reddish quartz sand. Medina. 

4. Pinkish and white fine quartz sand. 



5. Mainly chips of reddish ss. or arenaceous shale, 
with some that are light gray. 



6. Light gray, fine grained ss. mixed with bluish 
arenaceous and argillaceous Shales. Oswego 
ss. or Hudson. 



7. Blue, argillaceous, non-calcareous shales with 
white streak. Hudson. 



8. Ditto. 

Q. Black, argillaceous shale, with a brownish streak, 
which effervesces quite strongly in cold, HCl. 
Utica shale. 

"Top of Trenton limestone." 

"Gas in small quantity." 

Dark gray limestone effervescing strongly in cold HCl. 
Trenton limestone. 

Bottom of well. 
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ments. In the Spaulding well No. i on the south 
side of the river, the top of the Medina is at 740 feet and the 
Trenton at 2,376 feet, which was entered to a depth of no feet. 
In the Binning well the top pf the Trenton limestone was 
reached at a depth of 2,255 ^^^t and gas at 2,535 ^^^^ which was 
the bottom of the well. A partial set of samples was saved 
by Mr. Erwin Fairbanks from the Bigelow well, located one 
mile north of Baldwinsville, from which the following section 
was constructed. 

The above record is not very valuable because the majority 
of the samples are so far apart and are peculiarly numbered, 
still some parts of the record serve as a check on that of the 
former well. It seems pretty sure from Mr. Fairbanks* notes 
that the Medina sandstone was reached in the Bigelow well 
at a depth of 510 feet and the Trenton limestone at 2,205. O" 
comparing the two records it will be seen that in the Talmage 
well it is 1,630 feet from the top of the Medina sandstone to 
the top of the Trenton limestone, while in the Bigelow well it 
is 1,695 feet. Again, sample No. 9, from the Bigelow well, 
clearly shows the Utica shale, and if this sample represented 
the 155 feet, as reported, then the Utica shale has that thick- 
ness in this well. Acording to the report the well penetrated 
the Trenton limestone to a depth of 590 feet. 

Natural gas in large quantities has been obtained from a 
number of wells near Baldwinsville, as for example, Monroe 
well No. I was reported by the Baldwinsville Heat and Light 
Co. as yielding 2,000,000 cu. ft. per day in September, 1897, and 
in 1898 the Kendall well was reported by Mr. M. C. Pierce to 
yield 1,500,000 cu. ft. per day and the Binning well No. 2, 
when it was gotten under control, 8,000,000 cu. ft. per day. 
The late Dr. Edward Orton, the well-known natural gas and 
oil specialist, prepared a report upon the Baldwinsville field 
so it will not be necessary to consider that part of the subject 
in this paper. 

In the fall and winter of 1897-98 a deep well was drilled, 
about i>4 miles north of Auburn, and 22 miles southwest of 
Syracuse, from which an interesting set of samples was saved, 
and I am indebted to Mr. E. C. Munroe, of Baldwinsville, for 
those described below. 
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SECTION OF THE AUBURN WELL. 



NO. OF 
SAMPLE 

2 



II 



DEPTH 
IN FEET 

535 



650 



750 



800 
1,000 



1,025 



1,055 



1,155 

1,175 

1,210 
1,290 



DESCRIPTION OF SAMPLE 

Gray marl mixed with 
rather fine black chips 
which seem to have fallen 
in the well. 

Green argillaceous shale, 
which is only slightly cal- 
careous. Also chips of 
selcnite and massive gyp- 
sum. 

Grayish marl with some 
chips of greenish color. 
Quite strong efferves- 
cence in cold HCl. 

Red argillaceous shale. 

Slightly greenish argilla- 
ceous shale which effer- 
vesces slightly in cold 
HQ., and more strongly 
on heating. 

Slightly bluish-gray argilla- 
ceous shale which effer- 
vesces quite strongly in 
cold HCl. 

Very dark gray, almost 
black limestone, which 
effervesces strongly in 
cold HCl. Chips rather 
small apparently from a 
- massive limestone. 

Ditto. The larger chips 
sljow white specks of cal- 
cite causing the rock to 
glisten in the bright sun- 
light. 

Grayish argillaceous shale 
which effervesces some- 
what in cold HCl. Clay 
predominates. 

Gray limestone effervescing 
strongly in cold HCl. 

Fairly dark gray massive 
limestone which effer- 
vesces strongly in cold 
HCl. Fragments of fos- 
sils. 



FORMATION 



Salina 



Salina 



Salina 
Salina 



Salina 



Salina 



Niagara 

Niagara 

Niagara 
Niagara 

Niagara 
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13 


1,380 


Green argillaceous shale, 
non-calcareous. A few 
red grains of hematite 








(?). 


Clinton 


14 


1,390 


Clear green argillaceous 








shale. 


Clinton 


15 


I.S05 


Greenish-gray s i 1 i c i u s 





16 



17 



18 
19 



21 
22 
23 

24 

5 



26 

27 
28 



29 



chips with some dark 
gray in color and a few 
reddish ones. Medina 

1,560' Dark red chips of fine 

grained, very silicious ss., 
with greenish-gray chips. Medina 

1,580 Mostly fine grains of red- 

dish quartz sand; some 
greenish and dark gray 
chips. "Gas sand." Medina 

1,600 Ditto. "Gas sand." Medina 

1,740 Sample composed of fine, 

red quartz grains. Medina 

1,840 Red, very silicious ss., 

chips coarser than in 





Nos. 18 and 19. 


Medina 


1,935 


Ditto. 




1,985 


Ditto, but chips are finer. 


Medina 


2,115 


Rather darker red silicious 
ss., with some dark gray 






and greenish chips. 


Medina 


2.165 


Ditto, but with some chips 






of red argillaceous shale. 


Medina 


2,220 


Mainly fine reddish quartz 
sand, with a little red 
shale and a few greenish 






and dark gray chips. 


Medina 


2,255 


Ditto. 


Medina 


2,275 


Ditto. 


Medina 


2,290 


Reddish quartz grains with 





more chips of the gray si- 
licious ss., and some of 
bluish or grayish shale. 
2,320 About one-half the sample 

is composed of reddish 
quartz grains; the other 
half of greenish-gray si- 
licious ss., and greenish 



Medina 
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argillaceous shale. 

50 2.330 Fine quartz grains mostly 

reddish, but some green- 
ish-gray. 

3' "^.JSO Mainly fine quartz grains, 

about one-half reddish 
and the other greenish- 
gray. A little bluish 
^ argillaceous shale. 

32 2.380 Mainly fine quartz saild, 

partly a faint reddish tint, 
but possibly more of a 
greenish-gray. A little 
greenish to bluish -gray 
argillaceous shale. Trans- 
itional from the Medina 
to the Oswego sandstone. 

33 -i^oo Ditto, except that the red- 

dish tint is very faint, the 
greenish-gray predomin- 
ating and there is more 
greenish and bluish ar- 
gillaceous shale . 

34 ^.450 Mainly greenish-gray, sili- 

cious ss.; some of the 
quartz grains have a faint 
pinkish tint and there are 
a few chips of reddish ss. 

35 J.500 Ditto, but with more pink- 

ish quartz grains and 
chips of bluish and 
greenish argillaceous 
shale than No. 34. 
3^> 2.515 Greenish-gray ss.; some of 

the quartz grains with a 
slightly reddish tint. 

37 2,560 Coarser chips of greenish- 

gray silicious ss., scarcely 
any of reddish tint. 

38 2.590 Ditto, but chips are finer 

and part of the quartz 
sand is simply a light 
gray color. 

39 2,600 Coarser chips of greenish- 

gray silicious ss., and 
some dark to bluish-gray 
chips. 



March, 190) 
Medina 

Medina 
Medina 



Medina 
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Oswego 
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40 2,690 Ditto, with some bluish- Oswego 

gray argillaceous shale. sandstone 

41 2,700 Greenish-gray silicious ss., 

mixed with a consider- 
able portion of silicious Oswego 
bluish-gray chips. sandstone 

42 2,710 Bluish-gray arenaceous 

chips form a much larger 
part of the sample than 







the greenish-gray. Trans- 
itional to the Hudson. 


Oswego 
sandstone 


43 


2,760 


About the same as No. 42. 
Some large chips of the 
greenish-gray silicious 
ss. 


Oswego 
sandstone 


44 


2,770 


Clear bluish shale, mainly 
argillaceous, but some 
arenaceous. 


Hudson 


45 


2,800 


Ditto. 


Hudson 


46 


2,820 


Ditto, but some of the 
chips are larger. 


Hudson 


47 


2.845 


Ditto, with some chips 
from a gray silicious ss. 


Hudson 


48 


2,865 


Large chips of bluish ar- 
gillaceous shale with a 
little finely arenaceous. 


Hudson 


49 


2.895 


Bluish shale mixed with 
grayish arenaceous chips. 


Hudson 


50 


2,925 


Mainly bluish shale, most 





of which is somewhat 
arenceous. Hudson 

51 2,950 Bluish shale, some of which 

is clear argillaceous and 

some slightly arenaceous. Hudson 

52 2,975 Ditto. Hudson 

53 3,000 Ditto, but the arenaceous 

chips have increased. Hudson 

54 3,055 Ditto, but the argillaceous 

shales predominate. Hudson 

55 Z^^Z'^ Mainly blue argillaceous 

shale. Hudson 

56 . 3,180 Blue argillaceous shale. Hudson 
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57 3»200 Mainly blue argillaceous 

shale; some arenaceous 
chips. Slightly calcare- 
ous. 

58 Z^2>'^7 Bluish-gray limestone; 

very strong effervescence 
in cold HCl., chips rather 
fine. 

59 3.360 Light gray limestone; chips 

fine. Strong efferves- 
cence in cold HCl. 

60 3.400 Chips fine; mainly dark to 

bluish-gray, but with 
grains of very light gray 
limestone. Strong effer- 
vescence in cold HCl. 

61 3.550 Blackish argillaceous shale 

with slightly brownish 

streak. Effervesces for 

a short time in cold 

, HCl., but there is a large 

clay residue. Trenton 

62 3.570 Dark to bluish-gray lime- 

stone; fine chips and 
strong effervescence in 
cold HCl. Bottom of 
well. Trenton 



Hudson 



Trenton 



Trenton 



Trenton 



In the above section no sample was saved between 1,290 
feet, which is clearly Niagara limestone, and 1,380 feet, which 
is green Clinton shale ; but the top of the Clinton may be above 
1,380 feet, in which case its thickness would be more than 125 
feet and the Niagara less than 325 feet. The rocks from 2,380 
to 2,560 feet, a thicknesss of 180 ft., seem to be transitional 
from the Medina to the Oswego sandstone. If these rocks were 
classed in the Oswego sandstone, then the Medina would have 
a thickness of 875 feet. Again in the same way the last 60 
feet classed in the Oswerjo sandstone seems to be transitional 
to the Hudson formation, and if it be classed with the latter 
then the thickness of the Hudson 2nd Utica shale will be 617 
feet. The Utica shale, apparently, is not thick in this well, for 
the sample from 3,200 feet is Hudson shale, and 127 feet deeper 
is the top of the Trenton limestone. Unfortunately samples 
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Diagrammatic Section of the Auburn Well. 

OEPTH. thickness. FORMATION. 





1055' 


Salina. 


1055' 








325' 


Niagara. 


1380' 








125' 


Clinton. 


1505' 







1120' 



2560' 



2770' 



3327' 



3570' 



210' 



557' 



243' 



Medina. 



Oswego sandstone. 



Hudson and Utica shale. 



Trenton. 
Bottom of Well. 
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were not saved between these depths, so that it is impossible 
to determine the thickness of the Utica shale with any greater 
degree of accuracy. 

The formations penetrated in the Auburn well do not var^^ 
decidedly in thickness from that reported from other wells in 
central New York. The mouth of the Auburn well is near 
the top of the Salina so that most of the 1,055 ^^^^ before 
reaching the Niagara limestone is in that formation. In the 
Seneca Falls well, 12]/^ miles W. S. W. of Auburn, which be- 
gan near the top of the Salina, 950 feet of this iormation was 
penetrated before reaching the Niagara,* and in the Ithaca well 
36 miles south of Auburn, 1,285 ^^^^ without reaching the bot- 
tomt of the formation. In the Clyde well, 17^ miles N. \V. 
of Auburn, the Niagara limestone is 325 feet thick and the 
Clinton 83 feett as compared with 325 feet and 125 feet in the 
Auburn well. In the Seneca Falls well the Niagara and Clin- 
ton together h1ave a thickness of 400 feet; in the State well 
near Syracuse, 22^2 miles E. N. E. of Auburn, the Niagara is 
332 feet and the Clinton 98 feet§ and in the Talmage well, near 
Baldwinsville, 20 miles N. E. of Auburn, the Niagara is 334 
feet and the Clinton perhaps 140 feet. The Medina in the 
Auburn well is perhaps 1,055 ^^^t thick; in the Clyde well 942 
feet ; in the State well, near Syracuse, 807 feet ; in the Wolcott 
well, 223/$ miles N. N. W. of Auburn, 690 feet and in the Tal- 
mage well, near Baldwinsville, 705 feet. The Oswego sand- 
stone is perhaps 210 feet in the Auburn well; 185 feet in the 
Fulton well, 273/2 miles N. N. E. of Auburn ;|| perhaps 340 
feet in the Talmage well, near Baldwinsville, and from 210 to 
380 feet in the Wolcott well. The Hudson and Utica shales 
are at least 557 feet thick in the Auburn well ; 650 feet in the 
Wolcott well ; at least 585 feet in the Talmage well, near Bald- 
winsville ; while in the Fulton well there is 695 feet of Hudson 
and 120 feet of Utica shale. 

♦Prosser, American Geologist, vol. VI, 1890, p. 203. 
tibid., p. 202. 
JIbid., p. 204. 

gProsser, Bull. Geol. Soc. Anier., 1893, p. 102. 
jlbid., p. ic6. 
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THE BLUE MOUND QUARTZYTE.* 

Geo. D. Hubbard, Urbana. 111. 

Over the southwestern portion of Wisconsin and north- 
western portion of Illinois and the adjacent territory in Iowa 
are scattered a number of erosion mounds.f Among these 
is the Blue mound, a somewhat isolated cone with its much 
reduced but similar neighbor called East mound, situated 
about thirty-five miles north of the Wisconsin-Illinois line 
and sixty-five miles east of the Mississippi river. The large 
mound stands in Iowa county and the small one, a mile or 
two east of the former in Dane county. 

Blue mound stands on the water-shed known as *'old 
military ridge" lying between the short tributaries of the 
Wisconsin river on its north slope and the long feeders of 
the Platte and Pecatonica on its south slope. In fact it is 
by far thehighest part of the divide. 

It is a remnant of former continuous Silurian strata over 
this entire corner of the state. Its top is near the same 
geologic horizon as the summits of the Platte mounds, thirty 
miles southwest; Sinsinnawa mound twenty miles farther in 
the same direction; Charles mound and Pilot knob in Illi- 
nois and Sherrill mound in Iowa. The base is of the same 
formation as the country rock, the Galena limestone. Im- 
mediately and conformably above the Galena occurs the 
Cincinnati shale, and above the latter and capping the hill 
are the beds of the Niagara limestone. 

The Galena limestone is the ore-bearing stratum of this 
region and attains a thickness of two hundred and sixty 
feet at the mound. The Cincinnati shales have been re- 
moved over all the surrounding country but as we approach 
the mound they appear forming a very gradual slope J which 
blends so closely, the mound slope and the general slope of 
the ridge, it is difficult really to define the limits of the 
mound. 

The characters of the shale are very similar here to those 
of the formation in other out-crops.§ No accurate determi- 

♦Written from notes taken during the summer of iSqq. 
tWis. Geol. Surv. Chamberlin 1873-79, V. 2, p. 652. 
JWis. Geol. Surv. Chamberlin, 1873- 1879 ^'<^1- 2, p. 661. 
§111. Geol. Surv. Northern, V. 3, p. 16. 
Wis. Geol. Surv. Chamberlin, V. 2, p. 685 flf. 
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nation of the thickness of the shale at the mound is known 
to have been made, but it is fully one hundred feet thick 
and all above the country level of the ridge. 

Next above the shales comes the Niagara limestone at- 
taining a considerable thickness here, about two hundred 
seventy-five feet.* The lower part is a limestone similar to 
the Niagara in other localities in this region,! while the up- 
per part is a rock much resembling an iron-stained quartzyte. 
These divisions do not correspond with those found at Ra- 
cine, Wisconsin. J The divisions of the Niagara are not 
very permanent. This hard layer caps the mound with 
something like one hundred twenty-five feet of flinty rock, 
and to its presence as well as to the location of the mound 
on the watershed is due the preservation of the lower strata 
and consequently the very existence of the mound. Its 
total hight is seventeen hundred twenty-five feet above sea 
level.§ 

To this layer is due also in part the form of the hill. The 
top is a flat area almost as smooth as a floor of some one 
hundred by one hundred fifty rods extent covered by blue 
grass and white clover pasture. Hazel brush and young 
oaks of six to ten years growth abound. The slopes below 
this plane are very abrupt, rocky and forest clad to the base 
of the quartzyte. The mound is nearly circular at its sum- 
mit, but as the descent is made the form becomes more and 
more elongated east and west, along the length of the ridge 
until at an elevation of fourteen hundred feet, it is so ex- 
tended as to include the East mound. At the base of the 
quartzyte issue a number of springs, some quite small be- 
coming dry in continued drouth; but one on the northeast 
side, a veritable living fountain, sends its cool waters tumb- 
ling down the rocky slope. It will thus be seen that much 
of the water falling on the summit, percolates through the 
rocks to these springs. At least three-fourths passes out in 
this way. I, 

♦Wis. Geol. Surv. Atlas & Sections. 
tWis.Geol. Surv. 
111. Geol. Surv. V. 5, p. 33. 
JWis. Geol. Surv. V. 2, p. 335. 
Wis. Geol. Surv. V. i, p. 181. 
§Wis. Geol. Surv. Vol. 4, p. 747. 
llWis. Geol. Surv. Vol. 2, p. 658. 
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The quartzyte is much jointed ^nd hence in weathering 
breaks off, in consequence of which there are many large 
masses of the pink to reddish-brown coated rock strewn 
along the slope and even nearly to the base of the mound. 
The rocks thus detached gradually slip down the hill and 
disintegrate as they descend. Hence we find only small 
ones near the base. The quartzyte is drtstitute of bedding 
planes and stratification of any kind and does not lose its 
quartzitic appearance and smooth conchoidal fracture in 
weathering. Therefore pieces near the foot of the mound 
are very similar to those at the summit except they are 
much smaller. 

A few pieces of this layer, but no continuous strata, oc- 
cur upon the little mound just to the east; and upon the 
west member of the Platte group there is perhaps ten feet 
of it in the highest parts. I have been unable to find this 
stratum or any reference to it at any other point. No hill 
reaches high enough into the geologic scale to attain to the 
horizon of the quartzyte. Whether it were ever continuous 
as were the other layers of the Niagara, over this region, 
probably will never be known, but its presence on the Platte 
mounds would argue for a somewhat extended area. 

Samples were taken from several places for chemical 
analysis. The composition and structure seems quite uni- 
form at all points observed. From five samples, three gave 
test for traces of carbon dioxide; two gave no trace. The 
rock is very low in carbonates. Iron was found in all tests 
but is only a stain, occurring mostly along cleavage planes 
and fractures but in places colors the rock pink or tints it 
a reddish brown. It is in the form of the sesquihydroxide 
and amounts to little more than traces in the rock. No 
alumina was found. 

Upon fusion with alkaline carbonates the rock is com- 
pletely decomposed and from the analysis was found to 
contain over ninety-nine per cent of silica with traces of 
calcium and magnesium. This is all the analysis yielded. 
To all appearances the rock is a pure quartzyte. Its hard- 
ness is about seven and its specific gravity is that of quartzyte. 
Fracture is deeply conchoidal. 

There are found in this stratum a number of fossils. A 
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stromatoporoid coral and an orthoceras three or four inches 
long, also brachiopods and a favosite coral were seen. 

Taking into account its geologic position and lithologic 
character and relations, together with the lack of disturb- 
ances at this place it seems evident that the origin of the 
quartzyte was primarily the same as that of the limestones 
and shales beneath it. The presence of the fossils indicates 
its marine origin. The fossils, although but poorly preserved, 
are quite numerous and are of kinds having calcareous hard 
parts, but at present are siliceous. Along the septae of 
corals and cephalopods are minute crystals of quartz due to 
action of percolating water. The former presence and 
power of the water is evidenced by the distribution of the 
iron which as stated above is mostly along seams, in fossil 
cavities and in fractures. 

In some localities limestones are interstrktified with 
chert. This is especially true of the Galena and Niagara in 
the lead region. Often half or more of the rock in beds of 
the latter is chert. The thick Niagara cap on the Platte 
mounds furnishes a good example of this, also the same 
stratum in many places in Jo Daviess county, Illinois; for 
example, the summit of Terrapin ridge southeast of the 
town of Elizabeth, where the fossils are silicified, and the 
Horseshoe mound southeast of Galena. This exceedingly 
cherty nature is only locally developed in the Niagara for 
there are quarries in it where chert is almost unknown. One 
such may be found in the southeastern corner of Derinda 
township of the county previously mentioned, and another 
in section 19, of Pleasant Valley township. 

Let us suppose that the limestone of the Niagara in the 
region of the Blue mounds was very highly siliceous when 
deposited, i. e. that it contained much material from silica- 
secreting organisms as sponge spicules, and diatom tests 
mixed with the calcareous portion. This is legitimate be- 
cause certain regions in any sea are much richer in silica- 
secreting organisms than are others. This limestone up- 
raised later and subjected to the exceedingly long continued 
action of percolating waters, would result in the formation 
of a more siliceous rock if the lime were gradually removed. 
The siliceous shells were dissolved and the silica segregated; 
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the lime was removed until the rock became almost entirely 
silica. The small amount of iron present as carbonate, or 
more likely as sulphide, was oxidized to the hydroxide and 
remained in the rock. If kaolin were present it would re- 
main. It therefore follows that the kaolin did not occur in 
the Niagara limestone, here originally, but that aside from 
silica the rock was nearly a pure calcium and magnesium car- 
bonate. But the long continued action of the water has re- 
duced the lime to a minimum and has left almost nothing 
but silica with iron stains. This was accomplished long be- 
fore erosion had so nearly completed its work as at present. 

This process is no new thing. It is recognized in many 
places. One of much consequence is the region containing 
the extensive development of the Clinton iron ore. This 
deposit is derived from a ferruginous limestone by the gradu- 
al removal of the lime and the accumulation of the iron to a 
point where the iron oxide constitutes ninety-five percent, of 
the rock. Another very common one is accumulation of re- 
sidual clays by the removal in solution in lime and mag- 
nesia from argillaceous limestones, so marked a feature in the 
Jura-trias regions of New Jersey, the Silurian areas in Alabama 
and Georgia, and the Tertiary at Richmond, Va. Another very 
similar alteration is that occurring in the Devonian lime- 
stone at the falls of the Ohio at Louisville, Ky. Here im- 
mense numbers of corals occur but all are siliceous now and 
the limestone is very largely silica also. A result of sub- 
stitution largely in this case. 

To sum up and apply the illustrations and explanations 
given, to the case in hand, we will say that the quartzyte on 
Blue mound, Wisconsin, is a stratum of the Niagara lime- 
stone and is in no way the result of volcanic or eruptive 
agencies; that it was laid down in the Silurian sea at a time 
and place where silica was comparatively abundant, giving 
rise to a siliceous limestone. The silica probably occurred 
in the form of tests of various plant and animal organisms, 
and was incorporated as such into the limestone. Subse- 
quent to the elevation of the limestone to land altitudes the 
percolating earth water, with the proper well known solv- 
ents took the silica into solution and then re-deposited it as 
chert and flint while the lime was being removed. This 
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process continued until a rock with a moderate amount of 
silica came to be a rock of almost pure silica. Since the 
latter has been mostly in solution it assumes the flinty na- 
ture and appearance. The fact that the material has been 
in solution is supported by the presence of the silicified 
fossils whose originals were calcareous, while the pres- 
ence of the fossils themselves argues for the origin of the 
rock as a calcareous sediment. 

We realize perhaps as fully as any one that in this paper 
we have not solved the problem but merely stated and de- 
scribed the conditions. How and why a quartzyte layer 
should be present in this particular part of the Niagara is 
still as great a mystery as the deposition of the immense 
quantities of the sulphides of zinc and lead in the limited 
region of the Galena limestone and not uniformly in all of it. 



^HE ESMERALDA FORMATION.* 

By H. W. TuBNBB, Washingtou, D. C. 

In fismeralda county, Nevada, there are extensive deposits 
of Tertiary sediments which contain, at some points, abundant 
plant and animal remains. This series may be designated the 
Esmeralda formation, taking its name from the county in 
which it occurs. Near these lake deposits, at the north end of 
the Silver Peak range, there are beds of coal and the first pub- 
lished notice of these Tertiary beds appears to be that of the 
mining engineer, Mr. M. A. Knapp, describing particularly the 
coal deposits.! Mr. Knapp collected some molluscan remains 
near the coal beds and these were examined by Dr. J. C. Mer- 
riani, of the University of California, who considered the shells 
indicative of fresh water and possible Miocene in age. In 1897. 
Mr. Walcott, director of the U. S. Geological Survey, visited 
the region and took some excellent photographs of the beds 

♦Published by permission of the Director of the U. S. Geological 
Survey. 

tThe Coal Fields of Esmeralda County, Nevada. Mining and Scien- 
tific Press, San Francisco. \o\. 74, J 897, p. 133. 

It might be noted however, that fossil fish from this formation were 
collected by J. E. Clayton and W. P. Blake, but no determination of 
these fossils appears to have been put in print. 
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containing coal which he kindly placed at my disposal. In 
1899 I was detailed to make a geological map of the Silver 
Peak quadrangle and obtained additional data. The beds of the 
Esmeralda formation are inclined at most points, dipping 
usually from 10** to 40**. No absolutely continuous section of 
the entire series was obtained but the total thickness may be 
several thousand feet. 

The base of the series as seen near the coal mines is com- 
posed of sandstone chiefly, with some shale, aggregating per- 
haps 2,000 feet. In this terrane occur the coal, the dicotyledo- 
nous leaves and most of the fossil shells. 

Above the sandstones is a considerable thickness of buff 
shales containing at a few points very abundant fossil fish. 

On the east side of Big Smoky valley in the foot-hills are 
heavy-bedded breccias and conglomerates overlying the buff 
shales. The breccia beds are chiefly made up of fragments and 
boulders of quartzyte, slate and limestone from the adjacent 
Silurian and Cambrian formations. Often a layer will be com- 
posed wholly of some one rock as slate or limestone, the latter 
usually being re-cemented, so that it has the appearance on 
the surface of being a reef of Paleozoic limestone. In some of 
the gulches, however, these breccias may be seen to be clearly 
interbedded with the sandstone of the Esmeralda formation. 

The top of the series is made up of lacustral marls and 
white shales, containing fish bones, and at some points these 
beds are capped by rhyolitic and basaltic lavas and tuffs. There 
are also some layers of rhyolitic and andesitic tuffs lower down 
in the formation, and these volcanic layers frequently contain 
silicified wood. Faulting has displaced the beds at many points 
and it is therefore difiicult to estimate the entire thickness of 
the formation. 

Fossil shells were collected near the coal beds, from the 
locality where Mr. Knapp obtained his specimens and also 
from a number of other points in the sandstones. These were 
referred to Dr. J. C.Merriam, who states, *T find four species of 
shells in your collection Campeloma sp., Unio sp. Planorbis 
like spectabilis Meek, and Ancylus like undulatus Meek. The 
first three forms resemble species described from the Eocene 
of the western United States; the last form resembles a species 
described from supposed Miocene beds. Though I do not re- 
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gard these few forms as characteristic enough to determine the 
age of the beds definitely I should think they might be early 
Miocene or late Eocene." • 

Mr. J. E. Spurr collected some poorly preserved shells from 
the Esmeralda formation about ten miles southeast of Colum- 
bus. These were referred to Dr. W. H. Dall, who was unable 
to identify any of them with certainty. He found a bi-valvc 
which may be a Sphaerium, and a gastropod that might have 
been a Planorbis. Dr. Dall thought the forms suggested a 
fresh water origin. 

The dicotyledonous leaves from near the coal horizon are 
being examined by Prof. F. H. Knowlton, who makes the 
following provisional statement regarding them: There arc 
represented **an Ilex close to I. quercifolia Lx.; Rhus fraterna 
Lx. ; probably two species of Myrica, a Ficus and a fine Quer- 
cus. 

'*The Rhus fraterna and Ilex quercifolia are found at Floris- 
sant, Colorado, the age of which is now regarded as Oligocene. 
I, therefore, do not hesitate to say that the plants seem to in- 
dicate a middle Tertiary age." In the same sandstone forma- 
tion with the leaves and shells there are some silicified trunks 
of very large trees, six to eight feet in diameter. 

Fish bones and scales were found scattered throughout 
the formation but the good specimens were obtained from lo- 
calities near the middle of the series. These are being studied 
by Prof. F. A. Lucas, of the U. S. National Museum, who con- 
siders the two species of Teleostei represented as new, and sim- 
ilar to the existing genus Semotilus (chubs). 

Mr. J. E. Spurr, in a recent trip through Nevada and 
southern California, observed old lake beds at many points, 
which he is inclined to correlate with the beds of the Esmeral- 
da formation. His report of the distribution of these lake de- 
posits and their containing fossils will be looked forward to 
with interest, indicating as they may the existence of a lake of 
enormous size in late Eocene or early Miocene time in the 
southwestern part of the Great Basin. 
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EDITORIAL COMMENT. 



The Marsh Collection of Vertebrate Fossils 

Palaeontologists both at home and abroad will be pleased 
to learn of the transfer from New Haven to the National Mu- 
seum at Washington, of the large collection of vertebrate fos- 
sils made by the late professor O. C. Marsh for the United 
States Geological Survey. It will be remembered that pro- 
fessor Marsh worked under the auspices of the survey from 
1882 to 1892, and during this time made enormous collections 
of vertebrate fossils which were taken by him to the Peabody 
Museum building at Yale College to be worked- up. A portion 

of the collection was transferred to Washington during 

but at the time of professor Marsh's death a very large propor- 
tion still remained at Yale. 

Very shortly after the death of professor Marsh the director 
of the survey informed secretary Langley of the Smithsonian 
Institution, of his intentions regarding the collection and re- 
quested that the museum send someone to New Haven to take 
charge of the work of packing and shipping. This was accord- 
ingly done, the last lot being received at Washington in No- 
vember last, and the formal transfer being made by Mr. Wal- 
cottt under date of December 8, an abstract of his letter and 
that of secretary Langley in reply, being given herewith. 

U. S. Geological Survey, 
Washington, D. C. 

December 8, i8qq. 
Prof. S. P. Langley, 

Secretary, Smithsonian Institute, 

Washington, D. C. 
Dear Sir: 

I have the honor to state that all the vertebrate collections of the 
late Prof. O. C. Marsh, belonging to the Government, have been 
shipped from New Haven, Conn., and are now transferred to the 
custody of the U. S. National Museum, subject only to the use of such 
material as may be necessary for study and illustration in the com- 
pletion of the monographs that were in course of preparation by 
professor Marsh at the time of his death. 

The actual number of specimens represented in this collection can 
not be stated. They range in size from minute teeth of fossil mam- 
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nials to individual specimens weighing from 500 to 2,000 pounds each. 
The collections are rich in Dinosauria, especially in examples of Tri- 
ceratops and Stegosaurus, while the series of Titanotherium skulls- 
is one of the best, if not the best, in existence. It contains fifty or 
more complete examples cleaned, and a number in the rough, besides 
many hundred bones. 

Among the specimens transferred are the types of forty or more 
species, including dinosaurs, Jurassic, Cretaceous and Tertiary mam- 
mals. Among the types are the following: 

DINOSAURS. JURASSIC MAMMALS. 

Diplodocus longus. Paurodon valens. 

Labrosaurus ferox. Manacodon rarus. 

Camptosaurus nanus^ , Enneodon afHnis. 

Triceratops sulcatus. Enneodon crassus. 

Triceratops californis. Laodon venustus. 
Triceratops obtusa. 

Pleorocoelus nanus. CRETACEOUS MAMMALS. 

Geratosaurus nasicornis. Prinocodon crassus. 

Ceratops montanus. Cimolodon agilis. 

Ceratops alticornis. Telacodbn prasstans. 

CROCODILES. Oracodon cenulus. 

Rhytinodon rostratus. Allacodon pumilis. 

SNAKES. Batodon tenuis. 

Coniophis precedens. Allacodon fortis. 

The transfer of these great collections to Washington without the 
loss of any material, either through imperfect recording or through 
misunderstanding as to ownership of specimens, reflects the greatest 
credit on the businesslike methods and the integrity of professor 
Marsh. The addition of the material to the National Museum places 
it in the front rank among museums in its collection of vertebrate 
fossils. It is necessary that some gaps in the collections be filled, and 
I sincerely trust that it will be possible for the museum to do this at an 
early date. 

Yours respectfully, 

[Signed] Chas. D. Walcott, 

Director. 

Smithsonian Institution, 

December 22, 1899. 
Dear Sir: 

I take pleasure in acknowledging the receipt of your letter of the 
eighth instant, advising me that you have transferred to the National 
Museum all the vertebrate fossils collected by the late professor O. C. 
Marsh belonging to the United States Government, subject only to the 
condition that such material as is required may be used for study and 
illustration in completing the monographs whioh were in preparation 
by professor Marsh at the time of his death. 



Editorial Commefit, 173 

The addition of this immense collection of the most important 
American fossil remains to the treasures already assembled in the 
National Museum will, I am sure, afford the greatest satisfaction to all 
workers in the field of palaeontology both at home and abroad, and 
you will premit me to add a personal word in appreciation of your un- 
tiring eflForts to facilitate in every way possible the great task con- 
nected with the removal of the collection from New Haven to Wash*- 
in^ton. 

During the coming year I expect to have two preparators engaged 
in working out the matrix specimens still uncleaned, and confidently 
hope that it may be possible in a few years to have the entire collec- 
tion made available for study and a selected series for public exhibition. 
From this latter series the public will be able to form a correct idea as 
to the number, variety and great size of these wonderful extinct 
creatures of the western country, and will undoubtedly be impressed 
with the extent and importance of the work of the palaeontological 
divisions of the Geological Survey and the marvelous industry and in- 
telligence displayed by professor Marsh in bringing together this 
great collection. 

Yours respectfully, 
[Signed] S. P. Langley, 

Secretary. 
The Honorable Charles D. Walcott, 

Director United States Geological Survey* 

Washington, D. C. 

Such part of the collection as is cleaned is now being 
housed in the museum building proper, and all that is suitable 
will be placed on exhibition, one of the courts of the museum 
having been set aside for the division of vertebrate palaeontol- 
ogy. The remainder of the collection will be worked up as 
rapidly as existing circumstances will permit. In this connec- 
tion it may be of interest to note that it is proposed to model 
from this material a complete restoration of aTriceratopsfor 
exhibition — by the survey and museum — at the coming Pan- 
American exposition at Buffalo, in 1901. G. p. m. 
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REVIEW OF RECENT GEOLOGICAL 
LITERATURE. 



The Geography of Chicago and its Environs, By R. D. Salisbury 
and W. C. Alden. (Geog. Soc. of Chicago, Bull. No. 1,64 pp., iSgp.) 

The authors state that their purpose is to present an outline of the 
geography of Chicago and its immediate surroundings, and especially to 
sketch in as simple a manner as possible the course of events by which 
that geography Was developed. They have succeeded admirably, and 
have written a clear, readable and interesting account which is liberally 
supplied with illustrations. The pamphlet is divided into two parts, the 
first deals with the Chicago plain, its topography, its structure and the 
drift. The second describes the development of the present geography, 
sketching the history of glacial action and the history of lake Chica>?o, 
that body of water which existed in the Lake Michigan basin and out- 
flowed through the Des Plaines and Illinois river to the Mississippi. 
The features left by this ancient lake, especially the beaches and bars, 
are discussed, as are also the changes which have taken place during 
the present stage of the water. In one place molluscan remains, which 
are distinctly marine in character, have been found in one of the old 
beaches. On account of certain apparently conflicting considerations 
final judgment concerning the interpretation of these remains is sus- 
pended until further evidence is forthcoming. Some of the data for this 
paper were collected by the junior author in the preparation of a map, 
(soon to be published by the U. S. Geological Survey) of the surface ge- 
ology of this region. . u. s. G. 

Som€ New Minerals from the Zinc Mines at Franklin^ N,f., and 
Note concerning the Chemical Composition of Ganomalite. By S. L. 
Penfield and C. H. Warren. (Am. Jour. Sci., 158, 339-353.) 

The new minerals hancockite, nasonite, glaucochroite, and leuco- 
phoenicite were taken mostly from the 1,000 foot level of the Parker 
shaft on North Mine hill, where they are associated with native lead 
and copper, clinohedrite, roeblingite, axinite, willemite, vesuvianite, 
datolite, barite, garnet, phlogopite, and franklinite. Careful analyses 
were made of each of the new minerals, and their formulae computed. 
I. Hancockite. This is a brownish-red mineral crystallizing in 
very minute lath-shaped crystals resembling those of epidote. Hard- 
ness, 6.5-7. Specific gravity, 4.030. The analysis gives the empirical 
formula H.R4''R6'"Si.0.o or Rz''(R'".0H)R."'(Si04).. The general 
formula is that of epidote, differing principally in having the bivalent 
metals lead (18.53 per cent.) and strontium (3.89 per cent.) isomor- 
phons with calcium. It should be placed, therefore, in the epidote 
group next to piedmontite. It is named after E. P. Hancock, of Bur- 
lington, N. J. 2. Glaucochroite. Glaucochroite occurs in small 
orthorhombic prisms or columnar aggregates, and is sometimes 
twinned. It has a hardness of about 6, a specific gravity of 3.407, 
and in color is a delicate bluish green. The analysis, disregarding 
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1.74 per cent, of lead, gives the formula CaMnSiO*, which places it 
next to monticellite in the chrysolite group. The name is from the 
Greek meaning blue green color. 3. Nasonite. This is a white 
massive mineral with greasy to adamantine lustre, hardness about 4, 
s|>ecific gravity 5.425, and usually shows numerous inclusions of 
axinite, garnet, and glaucochroite. Its crystallization is probably 
tetragonal, though this could not be proven. The analyses show 
the general formula to be RioQ3Si«On, in which R is mostly lead and 
calcium. Allowing for a few particles of clinohedrite that were 
noticed intimately associated with the nasonite the empirical for- 
mula PUCa^CUCSiaOT). or Pb* (PbCl)/. CaiCSisOr)! is obtained. It 
is named for F. L. Nason, West Haven, Conn. 4. Leucophoenicite. 
This mineral which is conspicuous on account of its light purplish- 
red color, occurs in small crystalline masses having vitreous lustre, 
hardness 5.5-6, and specific gravity 3.848. The system of crystalliza- 
tion could not be determined but is probably inclined. The analyses 
gave the formula Rt(R.0H)i'(Si04)« in which R is mostly Mn, but 
with some Zn and Ca. Structurally it is the exact equivalent of hu- 
mitf . The name is from the Greek meaning pale purple-red. 5. 
Chemical Composition of Ganomalite. From a study of analyses. 
and of the analogous mineral nasonite, the authors are led to discard 
the formula Pb«Ca=SiaOu for ganomalite and to substitute the formula 
Pb«(Pb.OH)iCasCSi»OT)i. Both nasonite and ganomalite are salts of 
the acid HeSijOr, which is intermediate between the orthosilicic acid 
H4SiO« and metasilicic acid HaSiO*. The name mesosilicic acid (meso 
from the Greek, meaning between), is suggested for this intermediate 
acid in place of Groth's name diothosilicic acid, which the authors 
consider inappropriate as the acid in question is not an othosilicic 
acid, as the name would signify, but is a derivative of orthosilicic acid. 

M. L F. 

Andesit€S of tfu Aroostook Votcanic Area of Maine, By Her- 
bert E. Gregory. (Am. Jour. Sci., 158, 359-369.) 

The paper includes descriptions of the field relations and petrog- 
raphy of the andesyte area in the towns of Chapman, Mapleton, and 
Castle Hill, Aroostook county, Maine. The andesytes are Paleozoic 
lava flows and breccias, with their associated tuffs, lying upon the 
upturned edges of Silurian sandstone. The augite and hornblende 
types predominate, but stages between andesyte and trachyte, and 
also dacyte facies are sometimes found. Exhaustive analyses show 
the Maine andesytes agree with the types of their class. No more 
alteration is found than in many of the comparatively recent flows. 

M. L. F. 

On a new mod^ of Occurrence of Ruby in North Carolina, By 
J. W. JuDD and W. E. Hidden. Crystaiiographic Notes by J. H. 
Pratt. (Am. Jour. Sci., 158, 370-381.) 

The Cowee district, which is the locality of the rubies described, is 
in Macon county, a few miles north of the town of Franklin. The 
rubies occur mostly in tabular rhombohedral or short prismatic crys- 
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tals in a basic garnet-bearing crystalline rock, and often inclose small 
crystals of the garnet rhodolite. The mode of occurrence resembles 
in many points that of the rubies in the crystalline limestone of Burma. 
The difference in the matrix in the two instances would be of less 
significance if it could be established, as has been urged by one of the 
authors, that the Burma limestone has resulted from the slow altera- 
tion of a lime- feldspar. 

M. L. F. 

Note on a New Meteoric Iron found neat Iredell, Bosque County, 
Texas, U, S. A. By Warren M. Foote. (Am. J. Sci. 158, 415-416.1 

This meteorite, some three pounds in weight, presented a some- 
what rusty surface with a slight exudation of lawrencite and streaks oi 
schreibcrsite. The cleavage, though not well marked, was apparently 
dodecahedral. An analysis showed the presence of 93.75 per cent, of 
iron. 5.51 per cent, of nickel, and slight amounts of cobalt, phos- 
phorus, and sulphur. Weak etching figures were developed by dilute 
nitric^acid. 

M. v.. F. 

On a New Occurrence of Nepheline Syenite in New Jersey, By 
F. Leslie Ransome. (Am. Jour. Sci., 158, 417-426.) 

The syenyte described was found near the town of Brookvillc, 
where it occurs in gabbroitic trap intrusive into the Newark forma- 
tion. The exposures are not sufficiently good to 'definitely establish 
the relations of the syenyte and trap, but the author considers that 
the syenyte is to be regarded as dike-like intrusions, or inclositres 
brought up from some underlying formation, rather than as a product 
of magmatic differentiation of the trap. The syenyte is of three va- 
rieties, nepheline syenyte, hornblende syenyte, and biotite syenyte. 
In addition to the description of the occurrence and characters of the 
rock a very complete chemical analysis is given. 

M. L, F. 

On Graftonite, a new Mineral from Grafton^ New Hampshire, 
and its Intergrowth with Triphylite, By S. L. Penfield. (Am. J. 
Sci., 15Q, 20-32.) 

The graftonite occurs in pegmatyte where it is found as a lamellar 
intergrowth with triphylite. The form of the crystals is monoclinic. 
When fresh the mineral has a delicate salmon color resembling that 
of lithiophilite, but on account of the oxidation of the iron, principally 
in the triphylite, the color is usually dark. The specific gravity is 
2^.(i']2, hardness 5, and lustre vitreous to resinous. The analysis, the 
method of which is described in outline, gave the formula RsPsO*, in 
which R stands for bivalent iron, manganese, and calcium. A study 
of its crystalline form gave an axial ratio of a:b:c=.886:i:.582:/3^d66"'. 
Its intergrowth with the orthorhombic triphylite is considered at 
length, the evidence indicating that the dome face of the latter is in 
contact with the clinopinacoid face of the graftonite. The author re- 
gards it as an original structure and one which would take a long 
period for its development. M. L. F. 
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Some Analyses of Italian Volcanic Rocks. II, By Henry S. 
Washington. (Am. Jour. Sci., '59, 44-54.) 

I. Ciminyte. From a trachytic flow at Monti Cimino, Viterbo. 
The mineral components of this rock as computed from the analyses 
are orthoclase 37.9 per cent., labradorite 26.5, diopside 16.5, olivine 
17.3, and magnetite 1.8. This would place the rock between the 
trach3rtes and the andesytes and basalts in the group of andesitic 
trachjrtes or trachydolorytes of Rosenbusch (latyte of Ransome). 2. 
Selagyte. This is a lamprophyric latyte occurring as a volcanic neck 
in Tertiary marls, Monti Catini, Tuscany. The analyses are almost 
identical with those of ciminyte, though the diverse conditions of con- 
solidation have resulted in the formation of a different set of minerals; 
the selagyte carrying less olivine, orthoclase, and a plagioclase of less 
lime, but containing at the same time more augite and an abundance 
of biotite. It affords a good illustration of the tendency of the com- 
plex biotite molecule to crystallize as biotite in intrusions while it 
splits up into olivine, orthoclase, leucite, etc., in extrusions. Com- 
pared with biotite-vulsinyte, selagyte shows the additional presence of 
olivine, the available supply of MgO in the magma of the former be- 
ing exhausted by the crystallization of the biotite and augite. The 
chemical relations of selagyte to venanzyte, madupyte, wyomingyte, 
and orendyte are also discussed. 3. Andesyte. From a volcanic 
neck in Pliocene marls, Radicofani, Tuscany. The new analyses lead 
the author to consider the rocks examined as basic andesytes rather 
than ciminytes as he has previously held. 4. Leucityte. From a 
surface flow at Capo di Bove, Alban hills. Calculations based upon 
the analyses, aided by physical examination, give the probable mm- 
eral composition as leucite 52 per cent., nephelite 10, melilite 17, di- 
opside 17, and magnetite 4. Comparison is made between the compo- 
sition of the leucityte in question and that of Bearpaw Mt., Montana, 
and also with vcnanr3rte. m. l. p. 

Geological Survey of Canada, Annual Report^ {New Series), Vol- 
ume X, iSgy. George Dawson, Director. Including six Reports, 
separately paged, in total, xii, 1046, and xxii (index) pages; with 8 maps, 
12 plates, and figures in the text. Ottawa, 1899. Price, 80 cents. 

The summary report of the director, with outlines of work done 
by field parties in 1897, fills 156 pages. The number of visitor^ to the 
museum during the year was ^,^$7) the appropriations for the sur- 
vey amounted to $117,675. 

William Mclnnes contributes the second part, "Report on the 
Geology of the area covered by the Seine River and Lake Sheban- 
dowan map-sheets, comprising portions of Rainy River and Thunder 
Bay districts, Ontario," 65 pages. Most of the field work of the Seine 
River tract had been done by the late W. H. C. Smith. The geologic 
formations, excepting the glacial and lacustrine surface deposits, are 
referred, in descending order, to the Animikie and Steep Rock series, 
the Keewatin, Coutchiching, and Laurentian. Granite-gneisses of the 
last named system occupy more than three-fourths of the entire area. 
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The characters and relationships of the several rock series arc found 
to be nearly as described by Lawson in the Rainy River region. Gold 
occurs along all the Keewatin belts, and much prospecting and pre- 
liminary mining development have been done. 

Alfred E. Barlow is the author of the third part, "Report on the 
Geology and Natural Resources of the area included by the Nipissing 
and Tamiscaming map-sheets, comprising portions of the district 
of Nipissing, Ontario, and of the county of Pontiac, Quebec," 302 
pages. Beneath the glacial drift, the formations are the Niagara. 
Trenton, Birdseye and Black River, the Huronian, and the Laurentian 
gneisses. Of the Fundamental gneiss, the crief component of the 
Laurentian, Mr. Barlow writes: "It may possibly represent, in great 
part, the first-formed crust of the earth, which, necessarily thin and 
fragile, and so liable to frequent upwellings of the molten mass be- 
neath, has undergone successive fusions and recementations before 
reaching its present condition. As at present mapped, it is regarded 
as a complex of irruptive plutonic rocks, representing repeated and 
intricate intrusions of basic and acidic material. Although in many 
instances, and in limited areas, the succession of such irruptions can be 
ascertained, with tolerable accuracy, any attempt to correlate this 
succession in detail over extended areas has invariably ended in more 
or less complete failure." 

The glaciation of the country is discussed in ten pages, including 
a large list of observed striae. Regional description of the bed-rocks 
occupies 118 pages. An appendix of seven pages contains tabulated 
elevations, and another appendix notes the fossils collected. 

Robert Chalmers, in 160 pages, supplies a "Report on the Surface 
Geology and Auriferous Deposits of southeastern Quebec.** The 
Glacial deposits, and the lacustrine and marine shore-lines of the 
Champlain epoch, are described in the first 69 pages; and the remain- 
der of this report treats of the gold-bearing region, which reaches from 
Memphremagog lake east to the Etchemin river. The earliest glacia- 
tion is held to have radiated from the northeastern Appalachian 
mountains, in northern New Hampshire and the "Eastern Townships*' 
of Quebec; next the ice-sheet of the Laurentide or Labradorian area 
flowed southeast and south across the St. Lawrence valley to the 
international boundary; and, lastly, the part of the ice-sheet covering 
this valley moved southwestward, from the hilly tract not far west 
of the city of Quebec to the great lakes Ontario and Erie. 

"The Mineral Resources of the Province of New Brunswick** are 
the theme of a memoir by Dr. L. W. Bailey, in 129 pages; and the 
final part of the volume, excepting the index, is the annual report, 2^2 
pages, for 1897, of Elfric D. Ingalls, in charge of the section of "Min- 
eral Statistics and Min^s.'* The value of the year's mineral produc- 
tion is given as $26,526,020. Of this amount, somewhat over a half. 
or $14,449,038 in value, was exported. $10,533,581 being the value of the 
mineral exports to the United States. w. u. 
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On the Building and Ornamental Stones of Wisconsin, By Er- 
nest Robertson Buckley, Ph. D. Wisconsin Geological and Natural 
History Survey, Bulletin No. IV. Economic Series No. 2. 

Economic geology is the science of raw materials, and in any such 
state report as this we may recognize three parts, appealing to three 
classes of readers. First, there is the record of scientific fact interest- 
ing to fellow workers in the same field of sciences. Second, there 
may be more or less of a synopsis of what is already known on the 
subject, that the local public may be enabled to appreciate the meaning 
and importance of the scientific facts. And, thirdly, there is a large 
amount of data as to the commercial value of the raw materials which 
appeals to the business man. In this last regard the report is merely 
an advertisement of the resources of the state. 

The report before us is an important one in all three respects. 
Many of the illustrations particularly, while far from devoid of scien- 
tific value, seem to find their chief function in adding to the attrac- 
tiveness of the volume as an advertisement. To the readers of this 
magazine, however, it will be most important to point out where in 
this bulky volume, the first class of facts are to be found. 

Part I, *'On the Demand, Uses and Properties of Building and 
Ornamental Stones;'* and Part II, Chapter I, *'A Brief Geological 
History of Wisconsin," are a short summary of the general informa- 
tion needful to appreciate the volume. The description of the methods 
of the laboratory test*, pp. 54 to 74, is, however, an essential part of 
the scientific data. Special attention is given to the question of 
porosity, and especial pains were taken to ensure complete drying. 
To determine the porosity, instead of — ?—- (where a is the weight 
dry in air. b the weight saturated with moisture in air, c the weight 



a 



saturated with moisture in water, the formula (^ ^L 

a+(a-b)_«- 
a-c 
is suggested, which gives the percentage of pore space to the volume 

of the rock. It may be noted that — - — is the specific gravity of the 

a-c 

rock, and has an independent interest. Otherwise it would be vastly 
simpler to put the formula in the form i-*-(t+ ^J^ ) 

There is little of novelty in the geological history, which follows 
the lines of Van Rise's and Chamberlin's work, though it is interest- 
ing to note that he finds no occasion to use the term Algonkian, but 
reverts to the Upper and Lower Huronian and Keweenawan. The re- 
mark that **late study of the northern crystalline area has shown that 
much that has been included in the Archean is really Huronian," 
must be read remembering that Archean is not used in the usual and 
original sense, but in its narrower meaning, as applied to a pre-Cam- 
brian, non-clastic formation; in other words, the original crust of the 
earth. 
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The reviewer is by no means sure that thp word is not more useful 
in the sense in which it was used by its sponsor, Dana. 

The next part, from chapter II, pp. 88 to 347, consists of detailed de- 
scriptions of the different quarries, commercial and scientific. Here 
there is a wealth of detailed information. Descriptions of polished and 
rough specimens are conjoined to microscopic examinations, and phy- 
sical tests and frequent analyses. This part of the work is very valu- 
able, giving us some real insight and definite facts as to the correlation 
of texture and physical properties. There are excellent illustrations 
of polished granites, and rhyolytes or porphyries. 

The Potsdam sandstones are quite elaborately treated and impor- 
tant hints given as to improving the reputation of the same. 

In chapter VIII, pp. 358 to 420, are assembled together the results 
of the physical tests which have been previously given in the descrip- 
tion of each quarry, and this is by far the most important chapter of 
the book. 

As to crushing strength the figures run unusually high, and while 
every care seems to have been taken and three different machines were 
used, one would like to have more comparative tests by the same 
machines and manipulators of specimens taken elsewhere which 
have been tested. At the same time, the few tests of Wisconsin 
stones made elsewhere which are given, harmonize well with the 
series. The high crushing strengths, 47,000 lbs. per sq. in. for the 
Berlin rhyolyte (porphyry), and over 40,000 lbs. per sq. in. for the 
granites, with an average crushing strength of the igneous rocks of 
26,000 to 27,000 lbs. per sq. in., are theoretically highly interesting, 
though as the authors say over 8,000 lbs. is enough for any ordinary 
structure, and the crushing strength is a much overrated test for 
practice. 

Their tests of the transverse strength are much more important, 
as it is not uncommon to see cracked sills. All but some of the sand- 
stones were passable. 

The modulus of elasticity was also determined and like the crush- 
ing and transverse strength was lowest in sandstones. 

In the specific gravity no great variation was noticed in each kind 
of rock. For instance we have for 

+ .058 
Granite. Sp. Gr 2.655 — 026 

+ .048 
Limestone 2.808 — .068 

+ .029 
Sandstone 2.631 — .107 

The iron coloring the brown sandstones has no perceptible effect 
on the sp. gr. As a rule there is no relation between the specific 
gravity, and the strength or porosity of a rock. All the granites 
weighed within 5 lbs. of 165 lbs. per cubic foot. 

The porosity or per cent by volume of pores is less than one per 
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cent, usually about one-third of one per cent in granites, varies from 
almost nothing to 13 per cent in the limestones and dolomytes, and 
from 3 per cent to over 25 per cent in the sandstones* The author 
emphasizes his belief that the size of the pores is more important than 
the volume in determining damage by freezing and thawing, and cer- 
tainly the results of the freezing and thawing tests are somewhat er- 
ratic. Occasionally the frozen and thawed sample appears even 
stronger. The author feels safe in concluding that the loss of strength 
is greater in granite than sandstone, and is greater (absolutely) the 
greater the original strength. 

Tests for the action of SO» and CO2 were not very significant. 
Tests for the effect of high temperature showed that all the sand- 
stones and granites and some of the limestones had a more brick-like 
ring. As the temperature increased the planes of stratification became 
more distinct. 

The limestones were not injured by heating until calcination at 
1000^ to 1200° F. Sudden cooling caused the cubes to shed their 
corners and occasionally after a while to crumble to pieces. 

The granites, especially, of course, decrepitated vigorously, while 
the sandstones though apparently uninjured had lost almost all their 
coherence. 

Part III, pp. 429 to 456, is a brief, popular description of the min- 
erals and rocks referred to. The author has not entirely succeeded in 
keeping out terms like granolitic and ophitic which undefined will lie 
hardly intelligible to the readers to whom it is addressed. But this is a 
sin 10 which we are all prone. Emphasis is laid on the importance of 
silica and unimportance of iron oxide as cements for sandstones. 

Greenstone is used in much the same way as Rutley in his **Gran- 
iies and Greenstones." 

Plate 49 gives a map of the jointing in different parts of Wiscon- 
sin. 

From p. 461 to p. 500 is the description of the plates, which illus- 
trate the results of the tests on the cubes, and a series of microphoto- 
graphs. Many of the latter are quite good and illustrate the desired 
features well, but in some the inevitable limitations of the half tone 
process are all too conspicuous. 

We cannot leave this very valuable report without an expression 
of regret that one which besides matter of temporary value contains 
so much of permanent interest, and so many illustrations, some of those 
of polished rock surfaces being up to high water mark, should be 
printed on a cheap soft thick paper (probably not over 4 cent), which 
swells it to inordinate thickness, puts a strain on the cloth binding 
which will soon break its back, and will in a few years be so yellow and 
brittle that it can hardly be handled without injury. 

The plate paper is much better. A. c. L. 
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Indiana, Department of Geology and Natural Resources; Twenty- 
third Annual Report, iS^. W. S. Batchlby, Sute Geologist, India- 
napolis, 189Q. Pages xxvii, 1741; with 93 plates and 986 figures in the text. 

This large volume, prepared mainly by Dr. Creorge H. Ashley, in 
charge of the coal survey of the state, embodies the princtpid work of 
the three years 1896 to 1898, inclusive, with shorter reports of the 
state inspector of mines, the natural gas supervisor, and the super- 
visor of oil inspection. For the coal fields of Indiana, which comprise 
about 7,000 square miles in its southwestern part, extending into Ill- 
inois, this volume is very thorough and detailed. * 

The discovery of natural gas in Indiana in 1886, and its ensuing great 
development for manufacturing, decreased the demand for coal, se- 
riously crippling the coal-mining industry; but it is now seen that 
the supply of natural gas is rapidly diminishing and will be practically 
exhausted in the near future. The large resources of coal in Indiana 
are therefore receiving renewed attention and utilization, which will 
be stimulated and aided by the information here published. During 
1898, the seventeen coal-mining counties produced 5,177,044 tons of 
coal, employing 9,325 miners. 

The Indiana production of petroleum for the same year is stated as 
3751 »307 barrels being about 15 per cent, less than in 1897, but having 
about 25 per cent, greater value, the respective values for 1897 and 
1898 being $1,871,849 and $2,325,810. w. u. 

A General Report on the Physiography of Maryland. A Dissertation 
presented to the President and Faculty of the Johns Hopkins University 
for the Degree of Doctor of Philosophy. By Cleveland Abbe, Jr. 

This volume is an excellent summary of the history of a region 
which may be regarded as typical of the unglaciated portion of the 
eastern United States. In it are represented the three gfreat topo- 
graphic regions of the Atlantic states, — Coastal Plain, Piedmont 
Plateau and Appalachian Region. The occurrence of each in Mary- 
land is representative of the entire division. 

Dr. Abbe begins his work by a discussion of general physio- 
graphic principles, illustrating them by many examples taken from 
Maryland. He describes processes of denudation, of construction, and 
of drainage development. In his discussion of cycles of erosion, he 
follows Tarr in doubting the frequent occurrence of absolute base- 
levelling. Having thus briefly reviewed the processes which control 
the physiographic development of any area, he takes up in detail the 
history of Maryland. 

The detailed portion of the work embraces a statement of the 
boundaries and topographic features of each province; a discussion of 
its structure and drainage; and an account of its history and economic 
characteristics. It closes with a report of Dr. Abbess own investiga- 
tions in regard to the history of the Piedmont streams. 

The Coastal Plain is ordinarily regarded as consisting of that por- 
tion of land which lies between the Atlantic ocean and the fall line. 
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For historical and stratigraphic reasons, Dr. Abbe considers that it 
should be regarded as extending to the edge of the continental shell 
Consequently he describes it as consisting of a submerged and a 
sub-aerial section. These two divisions possess similar broad, even 
surfaces and diflFer only in that the sub-aerial section is dissected by 
streams. The author finds two types of streams. The streams of the 
first class antedate the emergence of the coastal plain. They now rise 
in the Piedmont region, flow down the slope of the coastal plain and 
empty into the Atlantic. Formerly they flowed from the Piedmont 
shore into the Mesozoic ocean, and have extended in length with the 
elevation of the coastal plain, always keeping at right angles to the 
shore. The streams of the other and younger class originated on the 
coastal plain itself and are characterized by having winding courses. 
This scheme of drainage is interrupted by Chesapeake bay and the 
areas on either side of this body of water are designated as the eastern 
and western shores of Maryland. The eastern shore has but slight alti- 
tude, its most prominent topographic feature being the broad hight of 
land which forms the divide between the eastward and the westward 
flowing streams. The westward drainage is of two types. Either the 
streams are small, not reaching tide-water, and with broad, shallow, 
alluvium-lined valleys; or they do reach tide water, the lower portion 
of their course being characterized by marshes bounded by steep bluflFs. 
The streams of this second type merge into tidal estuaries, their head 
waters belonging to the first type. The streams flowing eastward into 
the Atlantic are small and insignificant in Maryland. They attain a 
jrreater development in Delaware and in both states belong to the type 
known as "drowned." These streams rise in the region of the swamps 
which cover the Atlantic-Chesapeake divide. The swamps arose in 
inequalities produced during the Pleistocene submergence, the 
streams having, as yet, had insufficient time to drain them. The divide 
is unsymmetrical in position and the author finds the causes usually 
given for the location of watersheds inadequate as explanations of this 
particular position. 

From the intricate shore lines and "drowned" topography a recent 
depression is to be inferred. The resulting changes in tidal currents 
have brought about the undercutting of certain cliffs and the forma- 
tion of various spits and bars. From these constructive and destruc- 
tive changes McGee concluded that the depression is still taking 
place. Abbe finds that the eastern shore streams are filling up their es- 
tuaries, hence he suggests that the undercutting points to a tilting 
whereby the eastern portion is being raised and the bay portion 
depressed. 

The streams of the western shore present similar characteristics of 
'"drowning." These features appear more accentuated than in the 
eastern shore streams, owing to the greater elevation of this section 
at the time of the post-Lafayette emergence. Here also the stream 
divides are unsymmetrical in position. Dr. Abbe suggests that both 
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divides may owe their unsymmetrical positions to the drowning, and 
hence shortening, of the lower courses of the streams. 

The author finds that during historic time alterations have taken 
place in the streams and coast lines. The geological and physical 
features of the coastal plain are found to have largely determined the 
pursuits of its inhabitants: — peach farm6 are located along the parallel 
belts of sandy loam of Cretaceous and Eocene age; wheat, grass and 
tobacco, upon the Miocene clays; berries and melons upon the lighter 
sandy loams of the Pliocene and Pleistocene; the drowned streams and 
coastal lagoons form admirable localities for oyster beds. 

The Piedmont region of Maryland is a gently rolling plateau whose 
surface, traversed from northeast to southwest by Parr's ridge, slopes 
gently eastward and westward. It dif^Fers from the coastal plain in 
that its forms appear not to be related to structure. The author dis- 
cusses this region in three sections: — The upland, the valleys in th? 
upland, and the residual masses above the upland. The most striking 
feature of Piedmont topography is the even skyline of its hills. The 
divides have flat, convex curves at the points farthest from the present 
channels, but in the valleys the gentle arches change to equally gentle 
concavities, interrupted by gorges. The restored surface would not 
be perfectly even, but would show low hills and broad valleys, similar 
to those which may now be seen in some undrained areas along Parr's 
ridge. The surface thus restored, which is known as the Schooley 
peneplain, occupies a tilted position, rising from four hundred feet at 
the fall line to nine hundred at Parr's ridge. The Schooley peneplain 
bevels strata of all ages from Archean to Jurassic, the present Pied- 
mont upland representing the denuded remnant of the former Pied- 
mont mountain chain. The Schooley peneplain was probably pro- 
duced during Triassic and Jurassic times, since it bevels Jurassic strata 
while above its surface Potomac deposits are found. 

The valleys in the upland are found to be of three types. One class 
has the steep sides and narrow channels characteristic of young 
streams; another has the gently sloping convex sides characteristic of 
the Schooley peneplain; the third possesses broad benches at several 
levels. Dr. Abbe considers numerous streams in detail and finds that 
the majority belong to the first class near mouths while their upper 
courses are of the second class. In general the young portions are not 
related to structure, while the mature portions follow the lines of 
less resistant rocks. The age of the mature valleys is indicated by 
the presence of occasional masses of sand and gravel. The oldest of 
these deposits is of late Potomac age; the peneplain was completed in 
early Potomac time; hence the valleys must have been produced dur- 
ing the Middle Potomac. These two classes of streams belong to 
the eastern side of the Piedmont region; the third class, consisting only 
of the Monocacy and its tributaries, flows westward from Parr's ridge. 
On the lowlands of the Newark formation this river has carved out its 
channel, three terraces indicating its history, Above the general sur- 
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face of the upland rise a few monadnocks. In Maryland these residual 
masses are small and few. 

Corresponding to the eastern and western physiographic divisions 
of the Piedmont, there may be made a similar classification on a 
lithological basis. The eastern division is composed of igneous and 
altered igneous rocks; the western of clastic and altered clastic with 
some intrusive rocks. On account of their different degrees of re- 
sistance, these different rocks control in part, the topographic fea- 
tures of the region. Some of the streams are adapted to the structure 
of the rocks; others show no relation to the present structure. The 
latter are superimposed, the eastern ones over Cretaceous and Ter- 
tiary sediments of which the coastal plain is a remnant; the western 
ones over Newark. 

After a summary of the topographic development of the province, 
this section of the work closes with a statement of the relation of the 
occupations of the inhabitants to the character of the soils and streams, 
and to the possibilities of communication afforded by the topography. 

In the Appalachian Region the author finds the topography related 
to geological structure. The mountains and valleys which cross the 
state with a northeast-southwest direction, indicate the trend of the 
hard and soft layers. The region consists of much folded strata and 
the author believes the course of its drainage to have been established 
at the time when the whole district was being reducedto the surface of 
the Schooley peneplain. During that period of erosion the present 
hard ridges caused the development of the streams along the softer 
strata of the synclines; in some cases the arches were so high as to be 
bevelled, their soft cores being thus exposed and giving an oppor- 
tunity for certain rivers to extend their courses along the anticlines. 
The author finds points of similarity between the coastal plain prov- 
ince and the Appalachian region before its dislocation. The strata of 
both were deposited in shallow seas which were gradually deepening; 
the materials of both were derived from the Piedmont district. They 
differ in that the Appalachian strata are Paleozoic, while the coastal 
plain sediments are Mesozoic-Cenozoic, 

Topographically this province is divided into the Blue ridge, the 
Great valley, the Allegheny ridge and the Allegheny plateau. 

The Blue ridge province consists of the Blue ridge mountains, the 
Catoctin mountains, and the valley between. The Blue ridge pre- 
sents an almost unbroken crest from Gettysburg gap to the gorge of 
the Potomac at Harper's Ferry. It has a precipitous western slope 
and a more gentle eastern one, caused by the easterly dip of the 
Shenandoah limestone and its overlying quartzyte. The Catoctin 
mountain presents a similar structure to the Blue ridge, its promin- 
ence being due to the resistance of the Cambrian quartzyte. Its long 
easterly slope descends to the lowland of the Monocacy valley. 

The valley between these ridges presents its most characteristic 
form in its southern portion where it is drained by Catoctin creek. 
This stream has reduced its basin to an almost base-levelled condition 
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within recent geologic time. The northern portion of this district, 
drained by the Monocacy and Antietam, seems never to have been re- 
duced to such a base-level. The reason for this diflference is to be 
found in the fact that the course of the Monocacy lies over the hard 
quartzyte, while the Catoctin flows across the easily soluble granitic 
area. Owing to this difference in the underlying formation, the Catoc- 
tin has become the master stream of the valley. 

The Greater Appalachian valley, lying between the Blue ridge and 
the Alleghany front, admits of a two-fold division into the Great or 
Cumberland valley on the east and the Allegheny ridges on the west. 
The Great valley has a broad gently rolling floor, its former level 
surface being apparent in the coincident elevations of the present 
hills. The meandering of the streams, together with their frequent 
rapids, and the gorge-like character of their banks leads to 
the conclusion that their courses originated when the pres- 
ent valley floor stood at a lower level, the later elevation of the 
area causing these courses to be superimposed over their former flood 
plains, upon the limestone and shale beneath. Dr. Abbe finds two 
origins for the crests of the Alleghany ridges: — the higher ridges he 
finds due to the arching of resistant sandstones; the lower, to the de- 
pression of hard Carboniferous conglomerate below the level of the 
Schooley peneplain. This hard stratum thus failed to be removed in 
that base-levelling, and subsequent erosion has removed the softer 
layers overlying it. Thus the first class of ridges are anticlinal; the 
second, synclinal. During Mesozoic time the broad level floor of the 
Shenandoah plain was produced. The elevation of the plain is greater 
and its slope steeper than would be possible as the result only of 
the streams in connection with which it was formed. The explanation 
is to be found in a tilting along a northeast-southwest axis, after the 
plain was developed. This elevation had the effect of rejuvenating the 
Appalachian streams, causing them to cut deep channels below the 
surface of their flood plains. Three terraces along the banks of the 
Shenandoah streams show that the rate of elevation was not uniform. 

The Alleghany plateau presents the largest continuous remnant of 
the Schooley peneplain. It is dissected by two classes of streams:— 
subsequent and consequent. The subsequent streams are anticlinal and 
have cut deep valleys in the shales through which they have developed 
their courses. The elevation which terminated the formation of the 
Schooley peneplain, rejuvenated these streams. The consequent or 
synclinal streams have not cut through the hard conglomerate on 
which they originated. — hence their bounding slopes are gentler and 
their valleys stand at a higher level than those of the subsequent 
streams. 

Dr. Abbe concludes this portion of his work with a consideration of 
the general relations of the Alleghany streams to the structure of the 
region. He finds that although the Appalachian district was former- 
ly the coastal plain of the Piedmont, the majority of the streams flow 
eastward. The cause of this reversal of drainage is yet to be found. 

The results of the author's observations on the Piedmont drainage 
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may be summarized as follows: The eastern Piedmont streams have 
been superimposed from the formerly more extensive coastal plain 
cover, the date of their superimposition being probably post-Lafayette. 
The coastal plain cover cannot be traced west of Parr's ridge, the 
westward drainage being superimposed upon the Newark formation. 
Parr's ridge represents a minor divide on the Schooley peneplain and 
has been the divide between Monocacy and Chesapeake bay streams 
since Jura-Tria? times. It is being shifted eastward because of the 
greater activity of the Monocacy drainage. 

Very little work has previously been done on river development 
in the vicinity of Maryland and Dr. Abbe's researches form a valuable 
contribution to the physiography of eastern America. i. H. o. 

The Ward- Coon ley collection of meteorites, Henry A. Ward. pp. 
100, 6 plates. Chicago, 1900. This collection contains representatives 
of 424 distinct "falls" and "finds," or about four-fifths of all the meteor- 
ites known to science. It contains specimens of the oldest falls, dating 
from the fourteenth and eighteenth centuries. Prof. Ward has travelled 
extensively, and has gathered this great collection from the most distant 
parts of the earth, as well as from the largest museums. "Few meteorite 
collections in the world (we believe only four) have an equal number of 
kinds, with, at the same time, an average so large (7^ pounds).*' This 
is not alone a commercial document, but conveys much information, es- 
pecially as to the literature where each meteorite was first described. 

Prof. Ward's diligence and ubiquity in all parts of the world where 
meteorites are known and valued, either in person or correspondence, as 
well as his genial and genen)us manner, make him welcome and suc- 
cessful in his pursuit. He himself is the meteorite of meteorites. His 
motto is! "Let not each day's descending son. See by thy hand no mete- 
or won.". N. H. w. 

Some Higher Levels in the Postglacial Development of the Finger 
Lakes of New York State, By Thomas L. Watson. Pages 57-117, with 
3 folded maps and 30 figures, which last are mostly page plates, being 
sections, maps, and views reproduced from photf)graphs. (Reprinted 
from the Report of the Director of the \ew York State Museum, 1898.) 

This important brochure describes the shore-lines, deltas, and out- 
lets, of the numerous small glacial lakes of central New York, which, 
as the ice-sheet retreated, became merged in the large glacial lake 
Newberry. In its turn, that lake was succeeded by lake Iroquois 
when the waters bordering the waning ice sank to the lower outlet at 
Rome, passing to the Mohawk and Hudson valleys. This detailed 
investigation of a large region surrounding Ithaca, N. Y., has been 
done as graduate work of Cornell University, leading toward the de- 
gree of doctor of philosophy. It ably supplements the previous work 
of Profs. Fairchild and Tarr in this region. All these researches show 
impressively the complex history of the Glacial period, and especially 
of the formation of temporary lakes wherever the land sloped toward 
the receding ice boundary during the closing stages of that period. 

w. u. 
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mineralogy. 
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CORRESPONDENCE. 



Appendix to a note on the San Jacinto Earthquake. Since 
writing the notes published in the February number, a young man has 
told me the following experience. He was out with some companions 
duck-hunting on lake Elsinore, a few miles south of Mt. San Jacinto. 
They were on a long narrow spit of sand projecting into the lake for 
nearly a mile and only a few inches above the water when a sudden 
commotion among the ducks caused one of the party to ask what was 
the matter. Before the question could be answered came the quake 
and the water immediately rose on the sand causing them some alarm. 
They immediately started for the main-land but before they could reach 
it the spit was flooded and they were ankle-deep in water. The wave 
caused by the vibration must have been at least twelve inches in hight. 

E. W. Claypole. 

An Example of Wave-formed Cusp at Lake George, N. Y. 
Having in mind the recent papers in this magazine by professors Tarr 
and Woodman upon the agency of waves in forming cuspate forelands, 
what seems a most interesting case of such action came to my notice in 
the summer of 1898 on lake George, N. Y. 

At Hague there enters lake George from the west one of the 
largest mountain brooks flowing into the lake. This stream, Hague 
brook, has a length of some six miles and a fall of nearly fourteen 
hundred feet in that distance. Its course is for the most part over 
the Laurentian rock of the region, with two or three glacial deposits 
in its valley, noticeably those near its mouth. 

The rapid fall of the stream and the steep slope of its watershed 
give rise to a torrential flow after very heavy rain, and much ma- 
terial is thus brought down to form a fine example of delta-formed 
cusp at the mouth of the brook. This delta is some quarter of a 
mile wide at its base and extends possibly half that distance out into 
the lake. It is surrounded by a shelf, in some places a hundred feet 
or more in width, formed of similar material to that of the delta it- 
self. The water on this shelf is shallow, varying from a few inches 
at the shore to two or three feet at its outer edge where the descent 
is very abrupt to a depth of twenty or thirty feet. The level plain 
of this delta makes a very strongly marked contrast with the ordinar- 
ily precipitous shores of the lake. 

While walking along the outer edge of this delta, I noticed with 
interest a small blunted cusp-shaped bar rising above the surface of 
the water at some distance to one side of the mouth of the stream and 
enclosing a small lagoon, while from the front angle of this cusp a 
straight bar some few inches under water and possibly two feet wide 
ran directly out upon the surrounding shelf for a distance of perhaps 
thirty feet. The cusp itself at the base may have been thirty or forty 
feet wide and projected some twenty feet into the water. 
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The cause of this cusp and connected bar was for long time a 
puzzle to me, as the direction and force of the feeble currents and 
prevailing winds did not seem to offer a satisfactory explanation. 
Finally, however, the true cause seemed to be found in the waves 
formed four times a day by the passage of the regular steamers upon 
the lake. The waves formed in this way were by far the heaviest 
waves that struck this shore during the summer, far exceeding in their 
action those produced by the hardest winds during that period. 

As will be seen from the accompanying sketch (Fig. i), the course 
of the steamers makes a shaip bend of nearly ninety degrees just 
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about opposite the angle of the cusp, in order to get into and away 
from the Hague landing. From observation it was seen that while a 
steamer was on the course from A to B the waves reached the shore 
as breakers moving along the lines r, s, t, picking up and carrying 
inward the fine bottom material upon the shelf surrounding the delta. 
Soon after these waves reached the shore and while they were still 
running near their greatest hight, the waves from the steamer on the 
course B to C, after turning at B, reached the shore along the lines 
m, n, o, at an angle of nearly ninety degrees with the first set of waves, 
producing an interference along the line of the straight bar running 
out from the angle of the cusp. This retarding of the waves al- 
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lowed the suspended material to drop along the line of the least 
motion and thus build up the straight bar while at the same time the 
two sets of waves separately were forming the cusp. 




Fig. 2. 
The photograph here reproduced (Fig. 2), was taken from the 
outer end of the straight bar looking along it towards the cusp. The 
position of the straight bar is shown by the breaking of the waves 
over it. These were ordinary waves produced by the wind. Another 
visit to the same place in August, 1899, disclosed the fact that the 
gradual lowering of the lake by a foot or so had destroyed the nice 
balance of conditions to such an extent that but little trace of the 
cusp and its straight bar could be found. 

Case School of Applied Science, Frank Nason Comstock. 
Cleveland, Ohio. 



PERSONAL AND SCIENTIFIC NEWS. 

Dr. O. C. Farrington of the Field Columblan Museum, 
who has been appointed Honorary Mineralocrist to the Com- 
mi.ssioner General of the United States to the Paris Expo- 
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sition, will spend two months in Paris supervising the in- 
stallation of the United States mineralogical exhibits. 

Mr. G. K. Gilbert, of the United States Geological 
Survey, has been awarded the Wollaston medal by the Roy- 
al Geological Society, conferred P'eb. i6th. 

Dr. Geo. F. Becker has recently returned from the 
Phillipines where he made preliminary examination for the 
U. S. Geological survey with view to the economic develop- 
ment of the islands. 

The Wisconsin Geological and Natural History 
Survey expects to issue shortly a preliminary report on the 
copper-bearing rocks of Douglas county in that state. The 
report was prepared by Prof. U. S. Grant of Northwestern 
University. 

Mr. J. B. 'Hatcher, whose late discoveries in Patagonia 
are well known, relieves Dr. Wortman in charge of the ver- 
tebrate paleontolog}' of the Carnegie museum at Pittsburg. 
Dr. Wortman will continue work on the great collections 
left by Prof. Marsh at the Peabody museum, Yale University. 

The University of Chicago has acquired the large 
collection of paleozoic fossils of W. F. E. Gurley. who spent 
many years in getting it together. Mr. Gurley was former- 
ly state geologist of Illinois and many of the types of spe- 
cies described by the late S. A. Miller and himself in the 
Bulletins issued at that time, are in this collection. 

Iowa Geological Survey. At the meeting of the Geo- 
logical Board on February I7fh, Dr. H. Foster Bain, who 
has been assistant state geologist for several years, was 
granted leave of absence for six months from March ist. 
During this time Mr. Frank A. Wilder, of the West Des 
Moines High School will have charge of the office of the 
survey. Dr. Bain takes charge of the affairs of the Dubuque 
Ore Concentrating Company temporarily, and he will also 
look after certain development work in the lead and zinc re- 
gion of Iowa. His headquarters will be at Dubuque. 

Secretary of Mines and Mining. The newspapers re- 
port that a new cabinet officer, to be known as the secretary 
of mines and mining, is provided for in a bill which has 
been favorably acted upon by the house committee on mines 
and mining. The bill creates an executive department 
which shall have entire charge of affairs relating to mines, 
including the U. S. Geological Survey. The proposed sec- 
retary of mines is to have the same rank and salary as other 
cabinet officers, and an assistant secretary is given the same 
standing as the first assistant secretary of the interior. 

Geol6gical Society of Washington. The program 
of the meeting of Feb. 14th was as follows: **A peculiar 
clastic dike and its associated ore deposits," F. L.Ransome; 
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**Wood River mining district, Idaho," Waldemar Lindgrcn; 
**Cretaceous fossils collected by J.B. Hatcher in Patagonia/' 
T. W. Stanton; **A new meteorite," G. P. Merrill. On Feb. 
28th the program included a paper on **The Gulf of Califor- 
nia as an evidence of marine erosion," by W J McGee, and 
a discussion on ^'Conditions of formation of conglomerates 
and criteria for distinguishing between lacustrine and fluvia- 
tile beds." 

The Geographic SocrEXY of Chicago has recently is- 
sued its Bulletin No. i, entitled **The geography of Chicago 
and its environs," by Rollin D. Salisbury and William C. 
Alden. This is a pamphlet of 64 pages; it may be obtained 
from Mr. C. E. Peet, Lewis Institute, corner of Madison and 
Robley streets, Chicago; the price is 35 cents. The society 
announces that its membership is open to all persons inter- 
ested in the acquisition and diffussion of geographic know- 
ledge. Lectures are announced for the winter and spring 
of 1900 as follows: Jan. 13, "The bad lands of Dakota*' by 
Prof. O. C Farrington; Jan. 27, **The relations of geograph- 
ic distribution to the origin of species," by Prof. C. B. Dav- 
enport; Feb. 17, **Wyandotte cave," by Mr. Wallace W. At- 
wood; March 17, "Some connection between the history 
and geography of the New England plateaus," by Prof. F. 
J. Turner. 

A SECOND LETTER FROM Mr. Agassiz, published in 
Science for Jan. 19th, gives the result of the Albatross cruise 
up to Nov. 9, 1899. Some of the work entailed a thorough 
revision of the Challenger observations. Attempts to mea- 
sure the rate of growth of corals at point Venus, Tahiti, fail- 
ed, partly owing to the scarcity of living forms. The western 
islands of the Paumotus are probably situated on a large pla- 
teau, from which spurs are given off. There is no evidence 
of subsidence; on the contrary, a broad elevation has taken 
place, sufficient to protrude Tertiary coral limestone, which 
forms the base of the atolls, above the surface of the sea in 
many places. The ledges of this rock have been much de- 
nuded, and the debris scattered about as conglomerate or 
breccia. Thus the very erosion supplies material for build- 
ing up the reef again. The detritus also forms extensive 
bars, and often entirely separate islands, by transportation 
and cementation. Only one case was seen, of a completely 
inclosed atoll, despite the emphatic statement of Dana and 
others, which may not have been founded upon ob8er\'ation. 
The reefs show a great monotony of species of corals, but 
many millipores are found incrusting the seaward sides, 
where they are so vigorous as often to form the outer edge 
of a secondary barrier reef which is common in the Pau- 
motus. 
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EDWARD ORTON. V/ 

By I. C. White, MorgraDtowD, W. Va. 
(Portrait.) 

"Edward Orton was well born. He had behind him not 
merely *five generations of New England farmers', but an an- 
cestry of such virility and cleanness of life that its potency 
and promise remained unimpaired, and we feel no surprise that 
this stock, after two centuries of unnoticed growth, at length 
burst into flower." Thus writes Mr. Samuel Carroll Derby in 
a biographical sketch of the late Dr. Orton, published in the 
**01d Northwest" Genealogical Quarterly for January, 1900. 

The truth of this beautiful tribute to the ancestry of Ed- 
ward Orton is accentuated by a reference to two other dis- 
tinguished members of the Orton family that have left their 
impress upon the nineteenth century. One of these was Prof. 
James Orton, late of Vassar College, the eminent teacher, 
author and collector, who yielded up his life to science amid 
the lofty peaks of the Peruvian plateau, in 1877; the other was 
William Orton, president of the Western Union Telegraph 
Company, for twenty-one years up to his decease in 1878, who 
made for himself a world-wide fame as one of the first great 
organizers of modern business agencies. William and Ed- 
ward had the same great-grandfather (Samuel 2nd), and Capt. 
Samuel Orton (1694-1774) was the great-great-grandfather of 
the three distinguished men (Edward, James, William). 

Dr. Orton was bom on the 9th of March, 1829, in Delaware 
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county, New York. His father, Rev. Samuel Gibbs Orton, 
was a Congregational clergyman of great zeal and influence, 
who served as pastor of the churches at Sidney Plains and 
Delhi in the same county, successively from 1826 to 1833, when 
on account of failing health he moved to Chatauqua count>% 
and finally became pastor of the Presbyterian church at Rip- 
ley, on the shore of lake Erie, near the Pennsylvania-New 
York state linje. Here, under the tuition of his father, and 
in the neighboring academies of Westfield and Fredonia, 
young Orton was fitted for college. He entered Hamilton 
(which had also been his father's alma mater), in the sopho- 
more year, at the age of sixteen, "with enough scholastic at- 
tainments to pass muster, but lacking because of immaturity 
the ability to make the most out of a college course," Dr. Or- 
ton says of himself in the half century class letter which he 
prepared in 1898. 

The Hamilton College of that day, like most of its sister 
institutions, was innocent of science, and its principal teaching 
was of the classics, literature, mathematics, and such musty 
metaphysics, and theology as was current at the time. Out 
of it all Dr. Orton emerged on graduation day with a mind 
fairly well trained for accurate thought and facility of express- 
ion, principally as he himself says, from the study of the Greek 
language and literature. 

The collegiate training of the time naturally tended to give 
its votaries an aspiration to enter the Christian ministry, and 
young Orton was no exception to the rule. The stem and in- 
flexible Calvinism of his father, imbibed under the tutelage of 
Dr. Nathaniel Taylor, at Yale, had been so firmly implanted 
into the mind of the son, that in spite of the gentle, kind, and 
loving spirit of the latter, the plant took root even in such in- 
fertile soil, to flourish only for a season, and finally wither and 
die under the beams of the rising sun of science. 

His theological studies at Lane were interrupted by a year's 
work at Harvard, where in a more liberal theologic atmos- 
phere, so many doubts invaded his mind, that a subsequent 
year at Andover failed to uproot them, and the ministry which 
he entered at Downsville, N. Y., in January, 1856, was aban* 
doned in June of the same year for the more congenial work 
of teaching in the State Normal school at Albany. Here, as 
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professor of natural sciences, he found at last the sphere for 
which nature had so well fitted him. But, although the position 
was so desirable, and his success as a teacher most brilliant, 
yet on account of his liberal tendencies in theology, and his 
growing abhorrence of the Calvinistic dogmas so commonly 
taught, he remained at this college only three years. An 
organized persecution of Dr. Orton was begun, based upon re- 
marks (paradoxical as it may §eem) which he should have 
made to one of his Sunday school classes. To be accused of 
heterodoxy at that time C56-'59) before the days of evolution, 
and when narrow and illiberal ideas dominated the church, 
which in turn controlled most of the educational institutions, 
meant a public trial, and eventual expulsion, so rather than 
undergo the torture and scandal of such an inquisition into his 
honest convictions of truth, Dr. Orton stepped dowh and out 
into the obscurity of a small academy at Chester, and thus was 
lost to the State Normal school one of its greatest minds and 
purest souls. 

Six long but not idle years were spent in the retirement 
of this academy, and then Dr. Orton was in 1865 called • to 
Antioch College at Yellow Springs, Ohio, through his friend, 
the Rev. Austin Craig, who had become acting president of 
that institution, after having been pastor of an independent 
church near Chester, and had learned by intimate association 
the genuine worth of the patient, gentle, and gifted principal 
of Chester academy. 

This was the real beginning of Dr. Orton's useful life, since 
as he himself described it, when about to enter upon his work 
in that institution, "The prison doors are at last opened for 
me." There, in the free atmosphere of the great west, he 
could at least express the truth, as his intellect and conscience 
dictated, without danger of persecution by the bigotry which 
had compelled his retirement from public life in New York, 
and had practically driven him from the state of his birth to 
secure employment commensurate with his talents. 

Dr. Orton's geological work at Antioch received official 
recognition in 1869 through his appointment as one of the two 
principal assistants to Dr. Newberry on the Geological Survey 
of Ohio. This difficult position he filled with great tact and 
credit, and his reports upon the district under his charge re- 
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veal the faithful and careful nature of his labor both in field 
and office. 

His work at Antioch and on the Geological Survey, had 
demonstrated to the people of Ohio the capacity of Dr. Orton 
as a leader of thought and practical man of affairs, so that in 
looking about for some one to take charge of the new Agricul- 
tural and Mechanical College (founded under the '*MorriIl 
Act" of 1862) whose doors were to be thrown open to students 
in 1873, Dr. Orton was decided upon by the trustees as the 
most suitable person in the state for its head. Thus, retaining 
his position on the state survey, he became president of the Co- 
lumbus institution, and also accepted its chair of geology. No 
more difficult post could be conceived. The newly established 
college and candidate for official favors was looked upon with 
jealous eyes by the thirty odd other colleges of Ohio, and at 
first, regarded as an unwelcome interloper. But, thanks to 
the infinite tact, patience, labor and wise leadership of Dr. 
Orton, all opposition was overcome, and when, in 188 1 wearied 
with so many burdens, he resigned the presidency and turned 
its administrative duties over to his successor, the people of 
Ohio had in their State University, an educational institution 
whose foundations had been laid so broad and deep that its 
future growth and success were assured. The unwearying toil 
of eight years which Dr. Orton had given to its interests had 
not only allayed all opposition, but built up for it a host of 
friends in every portion of the state, so establishing it in the 
hearts of the people that its continued growth and influence 
have been phenomenal. The Ohio State University is so 
largely the creation of Dr. Orton's personal efforts that he 
needs no other monument to perpetuate his name and fame, 
not only as a great teacher, but also as a consummate organ- 
izer, director, and promoter of educational forces. 

Soon after retiring from the presidency of the State Uni- 
versity, the State Geological Survey was reorganized and Dr. 
Orton was appointed state geologist in 1882, an office which 
he retained until his death. The ability and zeal which charac- 
terized his occupancy of this position is sufficiently attested 
by the large and interesting volumes of reports, maps, etc., on 
the economic resources of the state which issued rapidly from 
his hands. 
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The Geological Survey under Dr. Newberry's direction had 
given the state some magnificent volumes on paleontology^ 
and some good work in economics, but not enough of it to 
offset the cost of the paleontology, the direct benefits from 
which did not appear to the frugally minded Ohio legislator, 
and hence the old survey had fallen into disrepute, not alone 
from internal dissensions, but because it did not give the peo- 
ple as much information as they desired, concerning their 
e very-day economic interests. Dr. Orton, ever in close sym- 
pathy and touch with the common people, and their reasonable 
demands, recognized their wishes, and thus popularized the 
survey, establishing it upon such an enduring basis that it will 
probably continue indefinitely, since the son, Edward Orton, 
Jr., who has been appointed his successor as state geologist, 
has inherited much of his father's strong common sense and 
ability to deal successfully with the practical affairs of life. 

It was the writer's good fortune to know much of Dr. 
Orton and his geological work during the last twenty years. 
Living in adjoining states, and occupied with the same prob- 
lems in economic and stratigraphic geology, there was a mu- 
tual bond of sympathy which his attractive personality kept 
ever strong. 

Dr. Newberry had, through pardonable errors in identi- 
fication, left the stratigraphy of the coal series of Ohio in an 
almost hopeless tangle. My work along the boundary of 
Pennsylvania and Ohio had revealed the cause of the disagree- 
ment in the stratigraphic column of the two states, and shown 
where the mistake had been made, through which two import- 
ant coal beds, and nearly 200 feet of strata had been dropped 
out of the Ohio system between the Mahoning and Ohio rivers, 
and the error perpetuated in the nomenclature of all the other 
coal regions of the state. Failing to convince Dr. Newberry 
of the error into which he had fallen, the writer submitted the 
evidence to Dr. Orton, who with that love and loyalty for truth 
which had ever characterized his life, even though it cost him 
place and power, after a careful investigation, adopted the new 
stratigraphy, thus overturning and remodeling the entire sys- 
tem and previous nomenclature of the Coal Measures in Ohio, 
but bringing order out of chaos and harmony out of discord. 

Chapter I of Volume V of the report on the Geological 
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Survey of Ohio in 1884, on the Stratigraphical Order, together 
.with chapters II and III on the Lower Coal Measures of Ohio, 
c6nstituting the first 300 pages of the vdume, in which this 
harmony with the Pennsylvania column is so conclusively 
shown and the entire series traced from the eastern margin 
of the state clear across the same to the Kentucky boundary, 
will remain the master piece of Dr. Orton's purely geologic 
work, although his contributions to the geology of petroleum 
and natural gas in Volume VI, published in 1888, are of almost 
equal importance. 

The reader will pardon another personal reference to my 
own work in connection with Dr. Orton's valuable services to 
science in the geology of petroleum and natural gas. The 
writer had published the "anticlinar' or structural theory of oi! 
and gas in the issue of "Science" for June 26th, 1885. The 
conclusions there announced were at once violently attacked 
by several of his confreres upon the Pennsylvania Geological 
Survey, whose work had been largely in the oil fields of the 
state, and hence it was but natural that geologists in general 
should give much heed to the opinions of those who opposed 
his deductions. At this critical period of the discussion, Dr. 
Orton, ever seeking the truth, without bias from any source, 
after carefully submitting the claims of the structural theory 
to the facts in Ohio geology, announced his convicticMi of the 
truth of the theory, and gave, in Vol. VI, of the Ohio geologi- 
cal reports, and in other papers, such beautiful and practical 
applications of the same to the oil and gas fields of Ohio, 
couched in the vigorous, lucid and convincing style which 
characterizes all his writings, that the opponents of the struc- 
tural theorv abandoned the field of contention, and thus its 
adoption, brought about largely through Dr. Orton's work 
in Ohio, Kentucky, New York, Kansas and other states, has 
become almost universal both with geologists and the prac- 
tical operators for oil and natural gas. 

Rev. Washington Gladden, for many years Dr. Orton's 
pastor and intimate friend, in a memorial address delivered at 
the First Congregational church, of Columbus, on the even- 
ing of November 5th, 1899, upon the life and character of his 
deceased friend, has so aptly depicted many of his personal 
characteristics, that they find here an appropriate place. He 



Edward Orton. — White. 203 

says, alluding to his election to the presidency of the American 
Association for the Advancement of Science: 

"It was a fitting and a beautiful thing that he should be 
crowned at the end of his days, and in the presence of those 
he loved, with this high distinction. I know also that he 
knew how to make scientific subjects profoundly interesting; 
the lucidity of his exposition clothed all these themes with 
light. 

Of his work as a teacher we may speak with no reserve. 
Unquestionably he was a great teacher, full of his subject, full 
of the passion for truth, full of the intellectual sympathy which 
enabled him to put himself en rapport with his pupils * * * 
I have alluded to his admirable English style. There is never 
any straining after effect; he is no mere phrase maker. His 
learning is not obtruded, but it often illuminates his sentences, 
and a subtle and benignant humor plays like a lambent light 
over his dignified pages. His speaking, too, was excellent. 
He did not like to speak without notes; he was freest and 
most effective with his address before him, but he gave it with 
naturalness and ease, with perfect articulation, with finely mod- 
ulated and persuasive tones * * * As a friend he was 
very considerate and self sacrificing. His inimitable courtesy 
and sw^eetness of voice opened a path before him like sunshine. 

This perfect coiu-tesy was something more than manners; 
it was character. It was never effusive; it was dignified, a 
little stately, but the stateliness was not to display itself; it 
was to honor you. His life was full of considerate and help- 
ful kindness; all good philanthropists found in him a friend." 

Like most really great men he was modest and his own 
rating of himself was usually much below that of his co-work- 
ers. Dr. Thomas S. Hastings, of New York, for many years 
president of the Union Theological Seminary, and who was his 
class-mate at Hamilton college, says of him: "He entered the 
class of 1848 at the beginning of our sophomore year. He 
was singularly modest, retiring, and reserved, but we soon dis- 
covered his marked ability. As a scholar he was at once to 
the front and maintained his position to the end of the course 
as the finest scholar in the class." 

He always appreciated the slightest favor, and never 
neglected to acknowledge the same. Through some friends, 
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Dr. Orton learned that the writer had nominated him at Bos- 
ton as president of the American Association for the Advance- 
ment of Science for the Columbus meeting, and in a character- 
istic letter, dated September 4th, 1899, he writes: "I have 
always credited you with the most important share in giving 
me the greatest honor of my life, and now that the service is 
mainly over, I am impelled to make acknowledgement of your 
generous good will, and over favorable consideration in the 
matter. My friends thought more of me than I did of my: 
self. I would like to take their estimate but Veritas vetat." 

There was something extremely pathetic in the last years 
of Dr. Orton*s life, following the paralytic stroke in December, 
1 89 1, which lost to him entirely the use of the left hand, since, 
after that, he fully expected the final summons to come at any 
moment. In remitting his annual dues for the Geological 
Society of America in the following spring he wrote: "I am 
only the half of a man, and this is probably the last remittance 
that I shall ever send you," and yet such was his indomitable 
will, that, handicapped as he was, he continued to teach his 
classes in the University, attend to the duties of state geologist, 
and carry forward special work in other states every year there- 
after, living on in spite of this ever present sword of Damocles, 
to become the president of the Geological Society of America 
for the Montreal meeting in 1897, and to be finally honored 
with the rarest gift in the possession of American science, in 
1898. 

The end came suddenly on October loth, 1899, as he had 
been expecting it would for eight long years. Bravely had he 
fought the battles of life; cheerfully and fearlessly he met the 
last enemy. 
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CLASSIFICATION OF IGNEOUS ROCKS ACCORD- 
ING TO COMPOSITION.* 

By J. B. Spubb. WasbiDfirton, D. C. 

In Studying the peculiarities of the many varieties of rocks 
collected in southwestern Alaska during the season of 1898 a 
scheme of classification was forced upon the writer as being 
the only natural expression of the relations and characteristics 
of these rocks as understood by him. In the course of this 
study, as well as in his previous study of igneous rocks, he 
has naturally kept in mind various conflicting systems of 
classification and the ideas of many petrographers. Of these 
ideas he has accepted some, rejected some, modified some, and 
has also formulated some new, his desire being simply to ex- 
press facts as he saw them. The necessity for writing clearly 
and intelligently about the Alaskan rocks made him draft a 
classification for those collected in 1898. The idea in this was 
simply to' elucidate the nature and relations of these Alaskan 
rocks and no idea was entertained of proposing a classification 
wbich should find general favor. At the same time the writer 
realized that a classification, which should express faithfully 
the relations of so great a variety of rocks as those described 
in this report, must also, if it be a true one, be capable of 
being extended or modified so as to embrace other rocks, and 
by comparative research he had already settled in his own 
mind that the classification would stand this test. After the 



♦Written in June, 189Q, as a part of a report on "A Reconnaissance 
in Southwestern Alaska," which appears in the Alaska volume of the 
forthcoming Annual Report of the U. S. Geological Survey (Twentieth 
Annual). The portion here presented was afterwards separated from the 
rest of the report, and is published here with the permission of the di- 
rector. For the detailed description of the rocks involved in this dis- 
cussion the reader is referred to the above mentioned report. 
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classification was made and the rocks described he began to 
see that even this partial classification was virtually a proposed 
innovation of rock classification in general, although, as above 
stated, not designed with that exact idea. Accordingly some 
justifying statements of the reasons for classification were pre- 
pared, stating briefly where principles which are used have 
been used before, wnth what authorities the writer agrees and 
where he deviates from them, together with the reasons for 
the chief principles adopted in the classification. It follows 
naturally from the method in which this classification was con- 
ceived that it does not belong to any school, although it has 
some of the principles of many. 

/. The System Used in the Table* 

The table which the writer has drafted is only for feldspar 
rocks, these having been found almost exclusively during the 
season's work. Under this class of feldspar rocks the families, 
^oups, species, and varieties which are defined are only such 
as are found among these rocks, and the same is true of the 
structural variations or definite types. Nevertheless, the writer 
believes that the same system elaborated and revised affords a 
g^ood expression of the natural relations of other igneous 
rocks and he will briefly outline the larger scheme. 

In the first place, the class of feldspar rocks itself, as classi- 
fied in the table, should be so elaborated as to comprise many 
rock groups not described in this report. The family inter- 
mediate between the alkali feldspar rock family and the sili- 
ceous soda-lime feldspar rock family, namely the monzonyte 
family, should be added; and the class of feldspar rocks would 
then comprise three families, and two intermediate families 
covering the transition stages. Within these families as many 
new groups as are necessary should be added. The number 
will be always arbitrary (since rocks form a connected series), 
and will depend upon the fineness with which distinctions are 
drawn. Good judgment must always be used in each case, 
and while discriminating as many groups as are really service- 
able to science must guard against hair-splitting. The groups 
should be based on mineralogy, and should take cognizance 
nc'l only of the mineral combination, but of the relative 
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amounts of the constituent minerals; and the succession of 
groups should be arrangecl as nearly as possible according to 
the known laws of mineral associations, so as to form a con- 
nected series. It may be advisable, also, in the end, to en- 
large the number of structural variations or types by the sep- 
aration of each of the first two types given into two, on the 
basis of fine or coarse grain, thesa types to be distinguished 
by appropriate suffixes. Thus there would be a coarse granu- 
lar hypidiomorphic type and a fine granular hypidiomorphic 
type, a coarse panidiomorphic type and a fine-grained pani- 
diomorphic type. 

Rocks not belonging to the feldspar class, such as the 
nepheline and leucite rocks, should be classified according to 
the same principles as the feldspar rocks, and intermediate 
classes should cover the transitions. Between feldspar rocks, 
and the nepheline and leucite rocks, for example, is the com- 
mon transitional class in which occur eleolite-syenyte and 
phonolyte. Under each of the classes the rocks should be 
classified according to family, group, species, variety and type, 
but without too much analogy to the feldspar rocks implied 
in their names. A single example of this false analogy is the 
leucite-basalt. This is chemically the equivalent of a syenyte* 
and the classing and naming of it with the basalts is a mistake, 
originating in the idea that olivine was confined to the basalts 
among feldspar rocks and that it might serve as a prime 
element in classification. Olivine may occur in monzonytest 
and in very acid andesytesj, and is certainly not confined to the 
basalts as at present understood, so cannot be made a basis 
for classification of such rocks as leucite-basalt. Character- 
istic names, suggesting no misleading analogies, are necessary. 

Different classes of rocks should be represented in the 
table side by side, arranged in their natural order, and the dif- 
ferent groups in all classes other than the feldspar class should 
be, whenever possible, so arranged that each will fall laterally 
opposite the position of the chemically equivalent group in the 

♦Principesk suivre pour une Classification universelle des Roches. 
Par M. A. Michel-L^vy. Compte-Rendu. Lausanne. Troisieme par- 
tie, p. 152. Bull. U. S. Geol. Survey, No. 148. p. iS3- 

tBrogger: Triadische Eruptionsfolge bei Predazzo. Kristiania 1895, 

p. 47. 

JM. A. Michel-L^vy, op. cit , p. 156. 
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feldspar class, while the systematic mineralogic grouping in 
each class is retained. General designations for chemically 
equivalent but mineralogically diflferent groups should be for- 
mulated, the designation being written at the side of the table 
and the groups embraced under a single designation being 
separated from the others by heavy horizontal lines. 

The principles upon which this scheme of classification is 
founded are, therefore, in the order of importance: (i) Miner- 
alogy, (2) Structure, (3) Chemical equivalence. 

Cl\ss of Feldspar Rocks. 

In the general systematic classification, as above stated, 
rocks are divided into great classes, according to a prevailing 
mineral or mineral series, which runs throughout, being con- 
spicuously persistent and significant as others are unmeaning 
and varying. Of these various classes (the feldspar class, 
nepheline-leucite class, the olivine class, etc.), only the most 
important one, that of the feldspar rocks, is here elaborated. 
These rocks are divided, according to the nature of their feld- 
spars, into three families, the first characterized by alkali feld- 
spars, the second by oligoclase-andesine feldspars, and the 
third by labradorite-anorthite feldspars. The alkali feldspars 
contain about 63 to 68 per cent, of silica, the oligoclase-ande- 
sine feldspars about 56 to 63 per cent., and the labradorite- 
anorthite feldspars from 48 to 56 per cent. The rocks char- 
acterized by these feldspars also vary in regard to their silica 
content, generally in the same direction as the contained feld- 
spars, although, of course, the percentage of silica in a rock 
is not necessarily even approximately that of the enclosed feld- 
spars, but is only occasionally so. Thus Kemp* makes the 
average silica content of gabbros (essentially equivalent to the 
writer's diabase family, which is characterized by labradorite- 
anorthite feldspars) 45 to 55 per cent; that of the diorytes (ap- 
proximately the same as the writer's dior>'te family — excluding 
the quartz-diorytes or tonalytes — which is characterized by 
andesine-oligoclase feldspars) 50 to 65 per centf . Therefore 

♦Handbook of Rocks, New York, 1896, p. 18. 

t Diorytes which do not contain quartz cannot exceed 63 per cent, 
of silica, since this is the highest silica content of any feldspar contain- 
ing lime (oligoclase-albite). The analysis showing 65 per cent, of silica 
is therefore not strictly a simple dioryte but a more acid rock. 
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these two families, with the exception of the group of quartz- 
diorytes or tonalytes, which contain free silica, correspond 
very nearly in their extreme limits of silica content to those of 
the feldspar groups which have here been chosen as criteria 
to distinguish these famiHes. 

The alkali feldspars, apart from their content of silica, are 
characterized by potash and soda; the andesine-oligoclase feld- 
spars by soda and lime, the former generally predominating; 
the labradorite-anorthite feldspars also by soda and lime, but 
with the lime preponderating. The same general character- 
istics, with regard to content of potash, soda and lime, are 
found in the analyses of the rocks of the different families 
which these feldspar groups are held to define. In a broad 
way, therefore, the chemical relations of the three chief feld- 
spar groups to one another correspond to the chemical rela- 
tions of the three great families of feldspar rocks to one an- 
other, and so the feldspars constitute the most available single 
basis for classification yet found. 

The feldspar rocks are accordingly divided into three 
families which are defined by the predominance of the three 
principal feldspar groups, above described : First, the granitic 
family, characterized by the alkali feldspars ; second, the dior- 
itic family, characterized by the andesine-oligoclase feldspars ; 
and third, the diabasic family, characterized by the labradorite- 
anorthite feldspars. The term gabbro is dropped altogether, 
since, as strictly defined and generally employed, it is the name 
of a peculiar rock variety consisting essentially of plagioclase 
and diallage*, and when used in the broadest senset is prac- 
tically synonymous with diabase. 

Since rocks form a connected series some mineralogic 
combinations will be found which are exactly between any two 
of the principal families ; to cover these transitions transitional 
families are necessary. Brogger has elevated monzonyte from 
a local designation to a family transitional between the ortho- 
clase and the plagioclase families, and in the writer's classi- 
fication the monzonytes would be established in practically the 
same position, between the alkali feldspar and the andesine- 

♦Zirkel, Lehrbuch der Pelrographie, Leipzig, 1894, 1, 834. 
tMichel-L^vy, Structures et Classification des Roches Eruptives, Pa- 
ris, 1889, p. 42. 
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oligoclase feldspar families. Evidently a similar transition 
family is necessary between the dioritic and the diabasic fami- 
lies, and for this place the belugitic family is proposed by the 
writer, belugyte being derived froip the locality where rocks 
belonging to this family are described by him. 

The principal criterion of the classification of the feldspar 
rocks, therefore, lies in the determination of the feldspars, 
which as Michel-Levy* has said, is indispensable. Methods 
which have been worked out by Michel-Levy and Fouque in 
Paris permit easy determination of feldspars in thin section, 
according to their optical properties. Both the methods of 
Michel-Levy and of Fouque depend upon the fact that the 
position of the plane of the optic axes varies in feldspars ac- 
cording to their chemical and cr}'stallographic variations, and 
the novelty of both methods consists in establishing criteria 
by which certain definite sections of the feldspars may be 
recognized in a thin rock section. Michel-Levy's method 
is useful, but its practical application demands the presence of 
feldspars which are twinned, both according to the albite and 
to the Carlsbad laws ; while the system of Fouque may be used 
on twinned or untwinned feldspars and even on orthoclase. 
The methods of determining feldspars according to single and 
double refraction, which have been perfected by Becke and 
Michel-Levy , are also useful, but can only be employed in 
certain cases. The Fouque method is, however, nearly al- 
ways applicable, and if necessary a dozen different determina- 
tions may usually be made in one thin section. By this method 
sections are sought which are quite perpendicular to a bisec- 
trix, as shown by the optical figure, and on these sections 
Fouque worked out for the different feldspars the different 
angles which tfie plane of the optic axes makes with the trace 
of the edge between the base and the brachypinacoid. These 
methods enable one to accurately determine the feldspars in 
nearly ever>' section, and this permits a more accurate rock 
classification. 

Within the families as defined by the characteristic feld- 
spars the groups differ according to the other minerals pres- 
ent. In the scheme of grouping cognizance is taken, first, of 

*Principes^ suivre pour une Classification universelle des Roches, 
pp. 155-15^. 
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the variety of the minerals, and second, of the quantitative 
amount. As an example of the second principle, actually ap- 
plied in the classification, may be mentioned the granite group 
and the quartz-syenyte group, each consisting of alkali feld- 
spars, quartz and any or all of the principal ferromagnesian 
silicates ; the quartz-syenyte differs from the granite in having 
only subordinate or accessory quartz, while that of the granite 
is of prime importance. 

In establishing groups the ferromagnesian minerals, with 
the exception of olivine, are reckoned together, following 
many good authorities*. These ferromagnesian minerals 
occur throughout the rock series from one end to the other 
without excluding one another *. The predominance of one 
ferromagnesian constituent over the others is recognized in the 
divisions of the groups, or in the rock species, and this rock 
species is designated by writing the characteristic ferromag- 
nesian silicate before the name of the group, such as pyroxene 
dioryte, amphibole syenyte, etc. Subdivisions of the rock 
species, or rock varieties, are formed by the predominance 
of some special variety of one of the ferromagnesian silicates, 
and these subdivisions or varieties are designated in the same 
way. Under the species pyroxene dioryte, for example, there 
occur the varieties augite dioryte and hypersthene dioryte. 

The mineralogic class, family, group, species, and variety 
being thus established, the type, which is the actual designation 
of any given specimen, depends upon the structure. It is a 
well acknowledged fact in general that rocks of diflferent 
structure may have the same chemical and mineralogic com- 
position and that their textural differences are due only to dif- 
ferent conditions of consolidation, which are often slightj. The 
chief structures have been divided into five : First, the granu- 
lar, hypidiomorphic or allotriomorphic structure. The rocks 
characterized by this structure are given the general name as 
used in the mineralogic classification: thus, granite, dioryte, 
olivine -diabase, etc. Second, the panidiomorphic structure, 
which is general!} fine-grained, sometimes coarse. This is 

♦Zirkel. op. cit., p. 645. 

tPrincipes k suivre pour une Classification universelle des Roches, 
par M. A. Michel-L^vy, p. 156. 
JZirkel, op. cit., p. 640. 
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signified in the nomenclature by having the word aplytc* ap- 
pended to the name of the granular rock, thus, alaskyte aplyte, 
augite syenyte aplyte, etc. Third, the structure characterized 
by phenocrysts, or the porphyritic structure, with a ground- 
mass made up entirely of comparatively coarse holocrystalline 
material. This is signified in the rock nomenclature by ap- 
pending the word porphyry to the name of the granular rock, 
the word implying the characteristic structuret. Fourth, the 
structure which, as before, is porphyritic, being marked by 
phenocrysts, but whose groundmass is fine, with the con- 
stituent minerals often not large enough to be identifiable, or, 
finally, with a glassy groundmass. Following the established 
custom, this variation is given a different name from rocks 
having the three preceding structures which have been de- 
scribed. Most of the already established names for this type 
have been applied chiefly to lavas, but they are here considered 
as representing simply a certain structural variation of the 
mineralogic group, and may represent lavas, dikes, or any 
other habit of igneous rock: thus, — tordrillyte, rhyolyte, 
trachyte, and dacyte. Fifth, where a rock is wholly glassy, 
but where its association or chemical analysis shows it to be- 
long to a certain mineralogic combination, the name of the 
preceding structural division, for example, rhyolyte, dacyte, 
andesyte, etc., is applied, with the appendix glass, this ap- 
pendix indicating sufficiently the structure. Thus, basalt 
glass. 

Age as a factor in rock nomenclature and classification is 
entirely omitted in this System, the writer's experience in the 
Alaskan rocks showing it to be without tangible application 
here, or indeed in any other district that he is acquainted with. 
The same is true of the mode of occurrence. Geologically, it 
is important to know the age of an igneous rock with rela- 
tion to the surrounding rocks and to know and consider the 
form of its occurrence, but it seems very plain that the rock 

♦Following and extending the structural use of the term by petro- 
graphers of late. (BrSgger, Eruptiv^esteine des Kristianiagebietes, 
Kristiania, 1894, p. 95: Rosenbusch, Mikroskopische Physiographie der 
Massigen Gesteine, I, 1896, p. 463, et. seq. 

t Abondoning the term porphyrite, and using porphyry as a structur- 
al term, applicable to all rocks, as used for some time by many petro- 
graphers and set forth in a circular of the U. S. Geological Survey, May 
24th, 1898. 
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must be classified, first, as a rock, and subsequently its age and 
form of occurrence must be specially stated. The very con- 
ception of a rock is expressed thoroughly by the accepted defi- 
nition, — an aggregate of minerals; and an igneous rock is one 
that has evidently consolidated from a molten condition and 
which bears in its composition and 'structure the undoubted 
marks of this origin. Chemically, many of these igneous 
rocks may be identical with certain sedimentary rocks or met- 
amorphic schists, but there are distinguishing features which 
separate the igneous rocks into a distinct class, and these 
features depend upon the character and habit of the minerals 
and upon the structure of the rock. 

Just as the chemical composition of an igneous rock may 
be shared by it in common wdth other igneous rocks, as well 
as with sedimentaries and metamorphic rocks, m tne same way 
a given igneous rock may occur in almost all conceivable ways 
(as a buried or plutonic mass, a dike, a stock, a laccolith, a 
flow, etc.), and the period of its consolidation may belong 
within a vast range of geologic time, without changing its 
nature. The element of mode of occurrence as a principle in 
the classification of rocks, made of prime importance by 
Rosenbusch, has already been abandoned in the classifications 
of Zirkel, Michel-Levy, and Teall. The element of time, or 
period of consolidation, also held important by Rosenbusch, 
has been reduced in importance in the classification of Zirkel.* 
and Michel-Levy,t and has been entirely abandoned by Teall,t 
and Br6gger.§' 

Although the classification proposed takes cognizance, so 
far as nomenclature goes, only of mineralogic composition 
and structure, the chemical element will be seen to enter very 
largely into the establishment of the mineralogic families, 
groups, and classes. As regards the four other possible prin- 
ciples of classification, enumerated by Tealllj, namely, mode of 
occurrence, origin, geologic age, and locality, these can be 



♦Zirkel. Lehrbuch der Petrographie, Leipzig, i, 1894, p. 834. 
tMichel-L^vy. Structures et Classification des Roches Eruptives, 
Paris, 1889, p. 42. 

J British Petrography, Birmingham, 1889, p. 70. 
§Br6gger. Triadische Eruptionsfolge bei Predazzo, p. 60. 
; Op. cit., p. 64. 
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expressed without encumbering the nomenclature with useless 
and misleading names. For example, if a dike rock be de- 
termined, in a thin section, to belong to a definite mineralogic 
and structural type such as basalt, we may refer to the Paleo- 
zoic basalt dikes on the Yukon river, in Alaska, without en- 
cumbering nomenclature with a special name for dike basalt, 
with another special name for dike basalt of Paleozoic age, and 
with a third special and distinct name for a dike basalt of 
Paleozoic age as exemplified in the Y.ukon district. Such mul- 
tiplication of nomenclature is the reverse of useful. 

The writer is strongly in favor of a method of printing 
compound rock names which shall indicate clearly the value 
of each part of the designation. Thus, group names should be 
printed in capitals ; the names of the ferromagnesian minerals, 
determining the species and varieties, in ordinary type ; and the 
structural designations, determining the types, in italics; thus, 
augite STENYTE aplytCy diallage oli vine-basalt, hornblende 
DiORYTE pofphyry, 

II The General Principles of Rock Classification. 

Although the writer's classification, as above noted, was 
independently evolved, yet it is both just and justifying to 
sketch out how far the principles therein contained are bor- 
rowed, or are identical with those of other writers. Many of 
these principles will be found asserted by eminent authorities 
and denied by others. 

Teall* enumerates the possible principles of rock classifi- 
cation as (i) chemical composition, (2) mineral composition, 
(3) texture, (4) mode of occurrence, (5) ori^n, (6) geologic 
age (distribution in time), (7) locality (distribution in space). 

It will undoubtedly be agreed, upon all sides in general, 
that all of these principles should be considered in obtaining 
a definite idea of the exact nature and relations of any rock. 
But as it has been proven impossible, after some attempts, to 
find out a uniform scheme by which all these characteristics 
shall agree, that is, that a given mineral combination shall 
have a constant chemical composition, texture, mode of oc- 
currence, origin, age, and locality, or even that any two of 

♦British Petrography, Birmingham, 1886 p. 64. 
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these distinguishing characteristics shall strictly and thor- 
oughly agree, it is not possible, in systematic classification, to 
give equal consideration to all seven of these principles or 
even to any two of them. It has been found quite untrue that 
a given mineralogic combination, for example, has either a 
constant chemical composition, a constant mode of occurrence, 
a constant origin, or any of the rest. It is, therefore, neces- 
sary to decide upon some single characteristic upon which the 
classification shall be actually primarily based, and this prin- 
ciple must be the most important. 

In the earliest morning of our present geologic science, 
when all that was actually known of the igneous rocks could 
be put into a page of print, these rocks naturally came to be 
considered as separated chiefly according to their manner of 
occurrence, and the present consideration which the manner 
of occurrence of rocks has as a prime element in their classi- 
fication, seems to be a direct inheritance from these earliest 
times. During the times of Werner and Hutton some vol- 
canic rocks were, of course, recognized as igneous, but granite 
or plutonic rocks in general were considered always either 
chemical precipitates or metamorphosed sediments until Hut- 
ton proved their igneous origin. The conception of the grand 
division o! igneous rocks into plutonic and volcanic, with the 
intermediate occurrence as dikes or veins, was, then, formu- 
lated in the mind of Hutton before the actual study of the 
igneous rocks had begun and when the application of miner- 
alogic and chemical criteria to rock subdivision was practically 
unknown. 

Later, in the swift development of geologic science (Hutton 
proved the igneous origin of granite in 1785), when fossils 
had been proven to be organic remains and had begun to be 
used as the basis of the geologic system, the element of geo- 
logic time became naturally of great importance in the minds 
of men as regards rock classification, and it was natural to at- 
tempt to classify the crystalline rocks also in this manner. At 
so early a period, when it was tor a time generally believed that 
the age of sedimentary rocks could be divined from their tex- 
Lure and amount q\ nietamorphism, it was natural to support 
that tlie age of igneous rocks might be determined by similar 
criteria. We are not far away as yet from the shadow of this 
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later error, but it is not much to be wondered at that the 
somewfiat more puzzling problems which igneous rocks pres- 
ent should lag in their solution a little behind the rest, and that 
geologic age should still be held by a few (though less and less 
firmly) as entailing characteristic textures or mineralogic com- 
binations. . 

Still later, when the study of comparatively lithology was 
begun, but as yet without the aid of the microscope, miner- 
alogy could be determined only roughly, and in the case of 
dense or fine-grained rocks not at all. At this stage of the de- 
velopment of the science, therefore, the most striking differ- 
ences which the unaided eye perceived in igneous rocks were 
those of structure, and the greatest difference, that between 
the coarse granular and the porphyritic structures, was seized 
upon by these truly advanced reasoners (as compared with 
those who had only the first two principles as criteria) as a 
prime basis for rock classification. 

Finally, chemical investigation was applied to the study of 
igneous rocks, and still later came accurate microscopic min- 
eralogy, and each has opened up and cleared the way to a 
better understanding of the true nature and relations of these 
rocks. 

The system of Rosenbusch*, therefore, (a pioneer work, 
with the burden of old inheritances) was based on (i) manner 
of occurrence, (2) age, (3) mineralogic composition. In this 
classification there are three chief modes of occurrence used 
as bases of classification, — plutonic rocks, dike rocks, and ef- 
fusive rocks. As to the question of age, there are only two 
chief divisions, and these are confined to the effusive rocks, 
namely, the paleovolcanics and the neovolcanics. 

Besides Rosenbusch's classification, many partial and com- 
plete classifications have been offered, in which one or the 
other of the possible principles of classification have been 
given first place. To some it has seemed that a systematic 
classification could be based most securely upon chemical com- 
position. Thus H. O. Lang f has offered a classification based 

♦Mikroskopische Physiographic der Massigen Gesteine. 
See also Michel-L^v^^'s tabulation of Rosenbusch's classification, in 
Structures et Classification des Roches Eruptives, Paris, 1889, p. 42. 
tMin, und petr. Mitth. XII, 1891, p. 199. 
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entirely upon chemistry and indeed upon a very few principles 
of that science, the classification depending entirely upon the 
relative amounts of lime, soda, and potassium in a rock. As 
an example of other chemical schemes of classification the 
recent one of Lewinson-Lessing* may be mentioned. F. H. 
Hatch f offers a classification which is based (i) on chemistr>\ 
(2) mode of occurrence. Among the chemical considerations 
the relative proportion of silica is the only point that is con- 
sidered and rocks are divided into five groups on this ground. 
Under the mode of occurrence there are three divisions, cor- 
responding essentially to the plutonic, dike, and eflFusive rocks. 

Classifications based primarily on chemistry have never 
been seriously considered by the great majority of petrograph- 
ers and the reasons against these systems are so obvious that 
it is hardly necessary to go into detailed arguments against 
them. We have already mentioned that rocks of different 
mineralogic combination, such as certain syenytes and certain 
leucite-basalts, have the same chemical composition, and also 
that the chemical composition of a given igneous rock would 
be identical with that of certain metamorphic, sedimentary, or 
even chemically precipitated rocks. 

Fouque and Michel-Levy J, in their tabulated rock classi- 
fication, make the following principles the most important — 
(i) structure, (2) age, (3) mineralogic composition. The chief 
structures are three and are substituted for the chief modes of 
occurrence as adopted by Rosenbusch. They are granitoid, 
porphyric, and trachytoid. In point of age, Michel-Levy 
agrees essentially with Rosenbusch in making his porphyric 
rocks pre-Tertiary, while his trachytoid rocks are necessarily 
Tertiary and post-Tertiary. Judging from the context ac- 
companying Fouque and Michel-Levy's tabulation, however, it 
would seem as if they had been drawn into this exact form of 
tabulation much by the influence of Rosenbusch's table, for 
in this text, we find the chief elements of classification stated 
as (i) mineralogy, (2) structure, and (3) age; and on page 42 
we find the statement that *'the giving of different names to 
the Tertiary and pre-Tertiary series is as arbitrary as pos- 

♦See review in the American Geologist, vol. 23, No. 6, p. 346. 
tintroduction to the study of Petrology, London, 1891, p. 78. 
JStructures et classification des Roches Eruptives, Paris, 1889 p. 42- 
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sible/* and the further suggestion that it would be desirable if 
the true porphyric equivalents of the granitoid structure should 
have nearly the same appellations. 

Zirkel* bases his classification as tabulated mainly on (i) 
mineral composition, (2) age, and (3) structure. His age di- 
visions are, like Rosenbusch's and Michel- Levy's, only two, 
and apply only to his porphyritic and glassy rocks, which he 
distinguished as pre-Tertiary or Tertiary and post-Tertiary. 

Broggert publishes a classification of the feldspar rocks 
which is based (i) on mineralogy, (2) chemistry, (3) structure. 
Under mineralogy, only the feldspars are considered in this 
classification, and imder chemistry only the percentage of 
silica. Under the head of structure Brogger has three di- 
visions, corresponding essentially to Michel-Levy's granitoid, 
porphyric, and trachytoid. 

TeairsJ classification is based (i) on mineralogy, (2) on 
structure, and (3) on chemistry. Under structure he has only 
two major divisions, granitic and trachytic, with subdivisions 
under the latter. Chemistry is used only in so far that the 
relative percentage of silica is followed in the arrangement of 
the groups. 

Kemp, in his Handbook of Rocks,§ also sketches a rock 
classification based (i) on mineralogy, (2) on structure, and (3) 
on chemistry. His structures (omitting the glassy and the 
fragmental, the latter of which does not belong to igneous 
rocks) are essentially two, — granitoid ^andfelsitic and porphy- 
ritic, corresponding to the divisions of Teall. Aj in Teall's 
classification, the chemical element is considered only in the 
arrangement of mineralogic groups, following as nearly as 
possible the order of their relative content of silica. 

No attempt has been made to make the enumeration of pro- 
posed classifications exhaustive, but only the more important 
examples, illustrating different views, have been cited. 

The classification adopted in the present report is based on 
(1) mineralogy, (2) structure, (3) chemical relations. In the se- 

♦ Lehrbuch der Petrographie, Leipzig, 1893. P- 834- 
tEruptionsfolge der Triadischen Eruptivgesteine bei Predazzo in 
Sfldiyrof, Kristiania, 1895. p. 60. 

^British Petrography, Birmingham, 1886, p. 70. 
§New York. 1896, p. 18. 
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lection and relative order of governing principles, therefore, 
the classification is like those of Teall and Kemp, above given 
In the selection of mineralogy as the prime factor in classifi- 
cation the writer follows, besides those above mentioned, 
Brogger, Zirkel, and practically Michel-Levy (according to 
his writings, although in his table he bases his chief division 
upon structure). 

For precedent in dropping out mode of occurrence, as an 
important factor in rock classification, one may quote Fouque 
and Michel-Levy, who substitute structure for mode of oc- 
currence in their grand divisions of granitoid, porphyric, and 
trachytoid. Zirkel and Teall have also omitted the mode of 
occurrence as a factor of the first degree of importance. 

As concerns the omission of age as an important principle 
in rock classification Teall* observes that "geologic age 
should not receive direct expression in petrographic nomen- 
clature. The petrographer should define his rock types with- 
out direct reference to age and then describe the distribution 
of his types in time. He should follow in short the method of 
the paleontologist. A similar course should be adopted so far 
as matters relating to origin and geographic distribution are 
concerned. . The classification of igneous rocks should there- 
fore be based primarily on facts of composition and texture/' 
Also Broggerf remarks that **to encumber entirely similar 
rocks with two different names only because they are of dif- 
ferent age, — for example, one Devonian, another Tertiary or 
recent, — seems now to be looked upon more and more as un- 
justified." ' 

Concerning the application of mineralogy as a prime factor 
in rock classification Michel-Levy J observes: 

The study of structures, in fine, only serves to constitute some large 
groups and to subdivide rocks of the same mineralogic and chemical 
composition— such, for example, as the acid rocks. In the last analy- 
sis it is always indispensable to have recourse to the mineralogic com- 
position to create families which have come from an analogous original 
magma. But it is necessary to take exact account of the principal com- 
ponent elements and of their relative importance from a quantitative 

♦Op. cit. p. 69. 

tDie Gesteine der Grorudit-Tinguait Serie ; Kristiania, 1894 p. 87. 
JPrincipes ^ suivre pour une Classification universelle des Roches, 
Compte Rendu. Lausanne, p. 155. 
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point of view; for exampFe, in the porphyric rocks one must not sacri- 
fice the elements of the second period of consolidation to those of the 
first. 

The General Principles of the Classification of the Feldspar Rocks, 

Feldspar rocks were first divided according to whether the 
feldspar was monoclinic or triclinic — orthoclase or plagioclase. 
This classification has left its lasting influence upon us and is 
still in full use by many. But the most advanced petrogra- 
phers now speak no longer of the orthoclrse rocks as con- 
trasted with the plagioclase rocks, but of the alkali feldspar 
rocks as opposed to the soda-lime feldspar rocks. This di- 
vision of the feldspars is used as the prime mineralogical basis 
for separating the rock families, by Rosenbusch, Zirkel, 
Michel-Levy, and others. 

It is in the soda-lime feldspar rocks that there is the most 
confusion, as everybody has felt. One has only to consider 
how indefinitely terms like dioryte and porphyryte (concern- 
ing the latter of which Michel-Levy truly remarks that it com- 
prises one-half or one-third of the natural rocks) have been 
used; and to consider the overlapping of terms like dioryte, 
diabase, and gabbro, of which sometimes one and sometimes 
another is used for the same rock. In fact, the term plagio- 
clase rocks has been a sort of waste basket. 

Rosenbusch separated the plagioclase rocks into separate 
families by means of the ferromagnesian constituents. He 
considered dioryte as characterized, besides plagioclase, by the 
ferromagnesian minerals amphibole or mica, while diabases 
and gabbros were characterized by pyroxene and olivine. The 
volcanic rocks were also divided by a similar movable and in- 
definite line into andesytes and basalts, hornblende and mica 
characterizing the former, and pyroxene and olivine the 
latter. 

Fouque and Michel-Levy separated the Tertiary and post- 
Tertiary trachytoid rocks, containing biotite, amphibole, or 
pyroxene, into two classes on the basis of the species of the 
feldspars, calling those containing oligoclase-andesine, ande- 
sytes, and those containing labradorite, labradorytes, and 
omitting from this classification those containing anorthite. 
All the soda-lime feldspar rocks containing olivine they classi- 
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fied as basalts. It will be noted that this division is slightly 
inconsistent, for while they divided rocks containing biotite, 
amphibole, or pyroxene on the basis of the feldspar, without 
reference to the ferromagnesian constituent, they classified 
rocks containing olivine according to this ferromagnesian 
mineral without reference to the feldspar. Moreover, curi- 
ously enough, they did not extend the subdivision of the 
Tertiary and post-Tertiary trachytoid soda-lime feldspar rocks, 
containing biotite, amphibole, or pyroxene, to the correspond- 
ing granular rocks, but defined diorytes as soda-Hme feldspar 
rocks with amphibole, while soda-lime feldspar rocks with 
mica were called kersantytes, and those with pyroxene or 
olivine diabases, gabbros, or norytes.* In a later paper,! 
however, Michel-Levy calls attention to the lack of signi- 
ficance of the ferromagnesian minerals and emphasizes the 
idea that the determination of the plagioclases is indispensable 
for rock classification. 

Brogger J, in his classification, also abandons for the most 
part ferromagnesian minerals as a basis for division between 
diorytes, and diabases and gabbros ,and between the correspond- 
ing classes of the equivalent dike and volcanic rocks, and 
makes his chief division according to the percentage of silica, 
the dioryte family containing from 48 to 62 per cent, and the 
gabbro family from 44 to 53 per cent. The chemical boundary 
between the two families is not sharp, because Brogger,also 
takes into consideration the structure and composition of the 
rocks§. 

Turner j very logically proposed to extend Michel-Levy's 
subdivision of volcanic rocks, according to their feldspars, to 
the granular rocks. **If," Mr. Turner said, "petrographers 
can be induced to call all oligoclase-andesine granular rocks 
dior>'tes, and all labradorite-anorthite granular rocks diabases 
and gabbros, the nomenclature of the granular plagioclasc 
rocks will be greatly simplified." 

♦Structures et Classification des Roches Eruptives, Paris, iSgp, p. 42. 

fPrincipes k suivre pour une classification universelle des Roches. 
p. 156, 155. 

tEruptionsfolge dcr Triadischen Eruptivgesteine bei Predazzo in 
Sftdtyrol, Kristiania, i8c^5, p. 60. 

§Die Cfcsteine der Grorudit-Tinguait Serie, Kristiania, i8q5, p. 93. 

I Seventeenth Ann. Rept. U. S. Geol. Survey, Part I, 1896, p. 718. 
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The principle above suggested has the great advantage that 
it establishes a definite division of the soda-lime feldspar rocks, 
which was before wanting. It has certainly been a mistake, 
as several writers have remarked, to consider mineral species 
so varied in composition and habit as the soda-lime feldspars 
as a unit for the purpose of rock classification. The division 
of the feldspars into three groups instead of two is more even, 
in respect to content of silica and to other chemical peculiar- 
ities. All schools of petrography recognize that the com- 
parative silica content is important in rock classification, yet, 
according to the first division of the feldspars for the purpose 
of classification, into orthoclase and plagioclase, we have, in 
orthoclase division, a range of from 62 to 66 per cent, of silica* 
or only 4 per cent., while in the triclinic or plagioclase feld- 
spars there is a range of from 43 to 69 per cent., or 26 per cent. 
Between the alkali feldspars and the soda-lime feldspars (the 
division adopted in the later classification) there is not quite 
so much diflFerence ; the content of silica in the alkali feldspar 
rocks, including albite, ranging from 58 to 69 per cent., or 1 1 
per cent., while the range in the soda-lime feldspars is from 43 
to 63 per cent., or 20 per cent. Even in this latter case, how- 
ever, the soda-lime feldspars have twice the range of silica that 
the alkali feldspars have. When the feldspars are divided into 
three groups, as above suggested, we have the orthoclase-albite 
group, ranging from 58 to 69 per cent., with a difference of 1 1 
per cent. ; the andesine-oligoclase group ranging from 55 to 63 
per cent, with a difference of 8 per cent., and the labradorite- 
anorthite group, ranging from 43 to 53 per cent., with a dif- 
ference of 10 per cent. In this division, therefore, we have a 
much more equable distribution of the silica content. 

The three chief families of feldspar rocks being thus de- 
termined by the predominance of the three classes of feldspars, 
the two intermediate families need no excuse, since, as rocks 
form a continuous series, there will be many forms which are 
transitional. For this class of transitional rocks Brogger has 
already emphasized the need, and his monzonyte family is 
transitional between the orthoclase rocks and the plagioclase 
rocks. The division of the plagioclase rocks in the present 



♦Figures taken from Dana's Mineralogy, i8c>6. 
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classification into two classes necessitates the provision of a' 
transitional family between these two, corresponding to the 
monzonytes between the alkali feldspar rocks and the acid 
soda-lime feldspar rocks. This is the belugitic family, and the! 
belugyte has the corresponding porphyritic form with fine-l E 

grained or aphanitic groundmass, aleutyte, in accordance withi A 

the general scheme of the classification. 

As far as the system of grouping and subdivision goes, it 
is hoped that convenience will recommend it. In this classi- 
fication the class, family, group, species, variety, and type are 
carefully subordinated one to another, so that a rock may hi 
variously defined, with a greater or less degree of accuracy 
as belonging to any one of these divisions. Thus augiti 
syenyte aplyte is a type name finally defining a rock. Outside 

of this the rock belongs to the mineralogic variety augit< 

syenyte, and the mineralogic species pyroxene syenyte 
further, it belongs to the syenyte group, and the granitic 
family, and in the widest sense to the class of feldspar rocks 
**A rational petrograp^ic system," says Brogger*, "must 
therefore, also soon begin to define more sharply which name 
must become fixed as class names, order names, group name* 
and names of Higher order in general, and which names a 
family names, species names, and variety names." 

Structural Variations or Types. — In making structural va 
nations subordinate to mineralogic ones the writer has fo 
lowed the trend of development, for the tendency has bee 
expressed in all modern petrography with greater and greate 
clearness. This principle of subordination has been essentiall 
followed by Michel-I,evy and Teall and has been expresse 
more clearly in Brogger'sf table, and by Turner J. 

Number of Structures Affecting Nomenclature. — Broggei 
remarked that at least three structures must be recognized 
rock nomenclature. Rosenbusch, Michel-Levy, Zirkel, an 
others generally, used three structural terms which have be 
best expressed by Michel-Levy as granitoid, porphyric, an 



♦Die Gesteine der Grorudit-Tinpuait Serie, Kristiania 1894, p. 96. 
tEruptionsfolge der Triadischen Eruptivgesteine bei Predazzo 
Sttdtyrol, Kristiania, 1895, p. 60. 

JSo\cnteenth Annual Rep., U. S. Geo!. Survey, Part I, p. 719. 
gnie Gesteine der Grorudil-Tinguait Serie, Kristiania, 1894, p. 97. 
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trachytoid. The first of these terms corresponds in the present 
classification to the granular, hypidiomorphic or allotriomor- 
phic. The second corresponds to the porphyritic division with 
coarse groundmass, and the third to the porphyritic with a 
fine-grained groundmass. In addition to these three struc- 
tures aplyte has come into very general use as a structural 
term and so this fourth division is recognized in the present 
classification. The glassy structure is also added. The words 
aplyte and porphyry are purely structural and all mineralogic 
significance has been dropped. The word porphyryte has 
been abandoned on account of its mineralogic significance and 
according to the usage of American petrographers, as set forth 
in a circular of the United States Geological Survey, May 24^ 
1898. Usage having fixed a definite name to the volcanic 
rocks, this usage has been retained and elaborated instead of 
the name being supplanted by the group name with an appro- 
priate suffix, as it should be in a perfect classification. Proba- 
bly still other structural divisions will be useful and should be 
designated by appropriate suffixes. 

III. Definition of New Terms Proposed. 

Alaskyte group. — The general plan of the classification of 
feldspar rocks being explained, it remains only to treat of a 
mineralogic group now proposed for the first time, that of 
alaskytes. This group name covers many rocks which have 
been described as granite, rhyolyte, aplyte, elvan, granulyte, 
euryte, granitel, semi-granite, etc. On the other hand, not all 
the rocks described under these names belong to the alaskyte 
group, but many would belong to other mineralogic groups. 
The alaskyte group is a distinct mineral group, consisting of 
quartz and alkali feldspar only, and in this sense it is quite 
new and so a new name is g^ven. The most common name for 
certain rocks of this kind is aplyte, defined by Rosenbusch* 
as consisting essentially of quartz and a prevailing potash feld- 
spar, and as having a characteristic fine-grained and panidio- 
morphic structure. Departing, however, from this mineralo- 
gic-structural definition, he uses the term in a purely structural 
sense for all dike rocks having a fine-grained panidiomorphic 

♦Mikroskopische Physiographic der Massigen Gesteine, Stuttgart, 
i8g6, p. 459- 
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structure and describes syenyte-aplyte, tonalyte-aplyte, dio- 
ryte-aplyte, nepheline-aplyte, etc.; moreover, he characterizes 
as aplitic dike rocks those of still more widely diverging chemi- 
cal and mineralogic composition, such as bostonytes, ting- 
uaytes, malchytes, and gabbro-aplyte or beerbachyte.* This 
structural use of the word aplyte has come to overshadow and 
obscure the mineralogic meaning. In a strict application, of 
course, the word must be used in one or the other sense and 
not in both. As a mineralogic term, therefore, it has been 
dropped in this classification. Moreover, even in its strictest 
mineral significance, it could not answer to the group name in 
the classification proposed, for this group name should em- 
brace granular hypidiomorphic rocks, and porphyritic rocks 
with coarse or glassy groundmass, as well as those with pani- 
diomorphic structure, and should characterize lavas or plu- 
tonic rocks as well as dike rocks. The structural use of the 
term aplyte is, therefore, fully retained in the classification, 
while, for the whole group of essentially quartz-alkali-feldspar 
rocks, the name alaskytet is proposed, and for the correspond- 
ing lava, (or the rock of any other habit, which has a porphy- 
ritic structure with a fine-grained or aphanitic groundmass,) 
the name tordrillytej is proposed. The tordrilly tes have gene- 
rally gone in with the rhyolytes, but any set of analyses of rhy- 
olytes shows how much higher they run in silica than the 
granites. Those so-called rhyolytes which are unusually high 
in silica, would undoubtedly, if opportunity offered, crystallize 
as granite, alaskyte, and quartz veins, or simply as alaskyte; 
and so they are not the actual equivalents of ordinary 
granites. 

Alaskyte may therefore be defined as a group consisting 
essentially of alkali-feldspar and quartz, without other essential 
minerals. The group comprises all the holocrystalline va- 
rieties, and the mineralogic and chemical equivalents of these 
varieties, which possess other structures. Chemically the group 
is characterized by being exceptionally high in silica and low 
in iron and lime. 

*0p. cit., p. 491. 

tDerived from Alaska. 

^Derived from the Tordrillo mountains in Alaska, where it occurs as 
a dike rock. 
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No. I is one of the characteristic dike-rocks of the Terra Cotta 
range, which is a branch of the Tordrillo mountains. It is a typical 
alaskyte, being of medium, rather coarse texture, and to the naked 
eye evidently made up wholly of quartz and feldspar. Under the mic- 
roscope the structure is seen to be allotriomorphic granular, and the 
minerals to be quartz and feldspar in about equal proportions, the 
feldspar being chiefly orthoclase, with a little microcline and a little — 
determined by Fouque method — anorthoclase. There are no ferro- 
magnesian minerals. 

No. 2 is also a typical alaskyte, having in the hand specimen a 
light color and the texture of a fine-grained granite. . It is an intrusive 
rock from the Skwentna river, to 10 or 12 miles above its junction with 
the Yentna. Under the microscope the structure is seen to be al- 
lotriomorphic granular and the constituent minerals quartz and felds- 
par in about equal proportions. The feldspar is mostly orthoclase, 
with much microcline. There are no dark minerals except a little 
iron oxide. 

No. 3 is also a dike rock from near the summit of the Chilkoot 
pass. It is also classed from its structure as a simple alaskyte, al- 
though its texture is fine, so that in the hand specimen it has a finely 
granular or sugary appearance. The color is light gray. Under the 
microscope the rock resembles at first glance a fine-grained quartzyte. 



*Analyses by Dr. H. N. Stokes, of the United States Geological Sur- 



vey. 
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when tested by optical methods show a variation between labradorite 
and andesine. 

Analysis No. a is a phase of the lava on the west side of Katmai 
pass. The structure is porptiyritic and the groundmass fine-grained^ 
so that the rock is an attgite aieutjrte. The feldspars, tested by optical 
methods, show labradorite tending to andesine. There is a little 
pale-green augite. The groundmass is microlitic and ptiotaxitic, and 
shows flow structure. 

The two analyses agree essentially, the chief diflference being that 
No. I contains less' silica and more lime than No. 2, a fact which is 
at once explained by the much larger proportion of augite in this 
rock. Otherwise the two analyses are very similar and show not 
only a close relation to one another, but in their details bear out the 
results of the optical investigation. 



IDENTIFICATION OF AN OHIO COAL MEASURES 
HORIZON IN NEW MEXICO. 

By C. L. Hkssick and T. A. Bbndkat.* 

In 1887 one of us published in Vol. II of the Bulletins of 
Denison University an annotated list of fossils from the shale 
immediately above the coal at Flint Ridge^ east of Newark, 
Ohio. The list was a provisional one and the figures accom- 
panying were crowded upon a few plates but the number of 
species is considerable and the list remains, so far as we can 
• learn, the last word with reference to this very interesting and 
closely restricted zone. A number of peculiar species were 
found, some of which were described as new while others were 
simply figured. The object was not so much to contribute to 
the descriptive paleontology of the Coal Measures as to illus- 
trate the collocation of forms in a single narrow zone. It is 
believed that a great deal of work of this Jiature would be use- 
ful even yet. It is not the present intention to discuss the cor- 
rectness of the specific identifications made in the earlier pa- 
per, many of which were provisional, but to call attention to a 
remarkable similarity, one might say almost identity, of forms 
in a similar narrow band of shale found in the Coal Measure 
limestone in New Mexico, near Albuquerque. 

A more complete discussion of the Carboniferous forma- 
tions in New Mexico is in preparation but it will serve forour 
♦Geological Survey of the University of New Mexico, 
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puq>ose to indicate the conditions as they exist in the Sandia 
mountains, east of Albuquerque. This range is essentially a 
great monocline, the abrupt face of granite, looking toward the 
Rio Grande, being on the eastern side of the fault, the west- 
em side having dropped from four to ten thousand feet. 

The escarpment is of granite to near its summit where it 
bears the remnant of the stratified series consisting at the bot- 
tom of about fifty feet or more of quartzyte with occasional 
conglomerate phases. The granite has been usually referred 
to the Archean but the discovery of interbedded limestones in 
the granite in the Limitar mountains and the fact that these 
lioiestones carry poorly preserved fossils would seem to neces- 
sitate the placing of this member in a higher part of the 
column. 

The quartzyte is not generally composed of materials that 
can be directly referred to the granite but rather consists of 
white quartz fragments such as might have been derived from 
veins or more probably from the quartz schists that in many 
cases break through and cover the granite. It is probable that 
there was a long unrecorded interval between the granitfc and 
the quartzyte, as is further suggested by the extreme irregular- 
ity of the surface of the granite. In regions of great disturb- 
ance in more recent geological time the granite may have been 
again fused and in that case portions of the lower strata were 
lost or incorporated with the schists which are characteristic of 
such regions. It is only in such cases that the quartzyte seems 
to be absent and there will be found small areas where the 
^anite is immediately covered by the Carboniferous at various 
horizons.* 

Above the quartzyte in typical sections occurs a series of 
shales, sandstones and conglomerates with occasional bands of 
sandy limestone which we have called the Sandia series. The 
maximum thickness is apparently not over 150 feet. It may be 
that the horizon in question can be identified with some por- 
tion of the Aubrey sandstone as reported by Dutton in the 
western part of the territory, but the lithological differences are 
so great as to require a distinctive name. 

The variability of the lithological details is considerable, 

♦Farther south a large sub-Carboniferous series is intercalated be- 
tween granite and Carboniferous lime. 
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but the series retains its prevailingly sandy nature in all ex- 
posures seen. There is a considerable fauna, including Belle- 
rophon carbonaria, a Phillipsia, Spirifer camerata and other 
distinctively Carboniferous forms. 

Above this zone is a considerable mass of black carbona- 
ceous limestone and shale not exceeding 150 feet thick. The 
upper portion is usually grey and cherty but may contain car- 
bonaceous and micaceous shales. This series, which is pro- 
vided with a rather homogeneous fauna throughout may be 
taken as the close homologue of the Coal Measure limestones 
of Ohio. Near the top in a number of widely separated ex- 
posures we have found a thin band of very fissile shale "Flint 
Ridge shale," which carries numerous fossils and it is this bed 
that forms the subject of the present paper. 

It might be remarked in passing that Marcou's statement 
that the limestone of the Sandia range is "mountain limestone'* 
is certainly an error for the lowest horizon is distinctively Car- 
boniferous and the uppermost have rather a Permian facies. 

Above the "Flint Ridge" shales is a large series of mas- 
sive grey limestones from 200 to 400 feet thick characterized 
by definite bands of Fusulina and Bryozoa. The fauna is ap- 
parently exclusively Carboniferous up to the rather definite 
band of sandstone above the limestone referred to. This Coy- 
ote sandstone marks the beginning of a gradual change in fau- 
na which results in the final introduction of a fauna with dis- 
tinctively Permian elements. Such species as Phillipsia major, 
Meekella striatocostata, Productus punctatus, Terebratula 
bovidens are characteristic of the upper limestone and shale 
series. Above this is an alternation of lime and red sandstone 
until the latter usurps the place entirely and introduces the 
great red bed series of which we shall have occasion to say 
more in another connection. 

When first we found the layer of fissile fossiliferous shale 
above mentioned we were struck by its lithological resem- 
blance to the shales at Flint Ridge, Ohio, in which we had 
worked twelve years ago. It was nevertheless a matter of no lit- 
tle surprise that we should encounter one after another of the 
familiar species with a very slight admixture of different forms. 
Here, for example were the peculiar arid easily recognizable 
Crenipecten focrstii, Entolium aviculatum, Lima retifera, Ma- 



Coal Measure Horizon in N. M. — Herrick and Bendrat, 237 

crodon carbonaria, Aviculopecten scalaris, and others which 
had been detected nowhere else in the territory, mingled with 
such forms as Chonetes mesoloba, Spirifer opima, and other 
species of an extended range within the Coal Measures. It 
would seem that an identity of physical conditions in widely 
separated areas of the same age might readily serve to collect 
local faunas of great similarity and with a large number of vi- 
carious species, but that these species should be identical in- 
dicates a larger continuity of the Coal Measure sea than had 
seemed to us probable. That the general conditions in New 
Mexico during the Coal Measure period were quite different 
from those existing in Ohio at the same period is evident from 
the entire absence of coal in the southwest. In spite of this dif- 
ference it appears that the shallow and protected bays were cap- 
able of sustaining a considerable fauna of delicate moUusks 
which were for the most part the same as those living in Ohio. 
The horizon at Flint Ridge in Ohio is near the top of the 
productive Coal Measures and has a few forms, such as Pro- 
ductus punctatus, that have not been found at so low a level in 
New Mexico. We subjoin a few notes on the two faunae com- 
pared, but must reserve a critical study for a subsequent oppor- 
tunity. 

An inspection of the list will show that out of 34 species 
recognized 24 are also found at Flint Ridge, Ohio. No doubt 
a more extensive collection might modify the proportions, but 
the resemblance is so great that we may congratulate ourselves 
on having data for at least an approximate determination of the 
equivalence of the lower portion of our Carboniferous series as 
exposed in Bernalillo county in central New Mexico.* 

Ust of Fossils from tlte Sandia Mountains of New Mexico, 

found in a Band of Shale Supposed to Correspond to the 

Flint Ridge Shales of Ohio.\ 



♦Collections made since the above was written in Otero county in 
southern New Mexico indicate that several fossiliferous horizons inter- 
vene at that place between the zone in question and the Burlington 
which forms a large formation below it. 

tThe species also represented at Flint Ridge are marked with an 
asterisk. 
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Brtozoa. 

*i. Fenestella limbata Foerste. Bull., Denison Univ., vol. 
II, p. 83. 

The delicate species identified with the above is very abun- 
dant but, unfortunately, the state of preservation is inadequate. 
The measurements and many of its characters agree equally 
well with F. sevillensis Ulrich, but the carina is apparently noi 
obsolete and the habitus of the poriferous side agrees with Mr. 
Foerste's species. 

*2. Polypora fastuosa De Koninck. De Koninck, Anim. 
foss. carb. de Belg., p. 7, plate A; Tuola, Perm-carb. Fossili- 
en von d. Westk. v. Spitzbergen, N. Jahrb. Min., 1875; Tuo- 
la, Eine Kohlenkalk-fauna v. den. Barent's Inseln, 1875: Fo- 
erste, Flint Ridge Bryozoa, Bull. Denison Univ., II, p. 82. 

This is a very common form in these beds and does not 
seem to vary greatly from the description given by Foerste and 
by Tuola. The dimensions agree with those of the larger form 
mentioned by Foerste. This species also occurs in the black 
limestone immediately below this horizon. 

3. Pinnatopora trilineata Meek, Pal. East. Nebraska, p. 
157; Pal. 111., vol. VIII, p. 620. 

This species occurs abundantly in the black limestone be- 
neath the shales under consideration and has not been detected 
in those shales though it undoubtedly occurs. The specimens 
are poorly preserved but may be recognized by the opposite 
crowded pinnae and the triple ridges on the mid-rib. 

4. Pimiatopora sp. 

A species evidently different from the above and perhaps 
more nearly resembling P. whitei Foerste, occurs in the shales 
of the Flint Ridge horizon but the material is too imperfect to 
l)ermit satisfactory identification. 

*5. Fenestella norwoodiana Front. 

Septopora {Synocladia) biscrialis Swallow. 

This pretty species is represented by a few characteristic 
fragments from the black limestone below the *Tlint Ridge*' 
shales. It occurs in the Ohio beds in the variety gracilis of 
Foerste. 

6. The following descriptions by Mr. Bendrat apply to 
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species which it is impossible to identify with any of the pub- 
lished descriptions. 

POLYPORA COYOTENSIS n. sp. 

Compare Polypora whitii. 

Zoaritim^ fan-shaped and flat; extent unknown, at least 
several inches. Branches^ very slender, alternately bifurcat- 
ing, about thirteen in one cm., being nearly as wide as the 
fenestrules and strongly convex. Fenestrules, rarely regular 
oval; about twice as long as wide; about seven in the length 
of one cm. Zoecia, oblique and prominent, about three in 
alternating rows, each row bordered by an undulating ridge. 
They are arranged two at each dissepiment and four in the 
intervening space. Peristome apparently elevated. Non- 
poriferous stde covered with about ten to twelve sharp, hair- 
like ridges, beneath which in some states of preservation 
appear the outlines of the cells. We would suggest for this 
new species the name Polypora Coyotensis. 

FENESTELLA ALBUQUERQUCANA n. sp. 

Cora/ium most probably fan-shaped; size not known, as 
only fragments of three specimens are secured. Longitudinal 
rays usually round, somewhat flexuous and frequently di- 
chotomosing. Dissepiments^ about half as large as the longi- 
tudinal rays in most cases, dilated as they open into the 
longitudinal rays, opposite and subopposite, non-poriferous 
and short. Fenestrules in most cases subquadrangular, about 
twice as wide as the longitudinal rays, somewhat lanceolate 
at the bifurcations, about 5. 5-3 fenestrules longitudinally 
and five fenestrules transversely in 5 mm. Cells'xn all cases, 
where the surface of obverse side is preserved, 5 on each 
side of the fenestrules, circular in shape, alternately ar- 
ranged in two rows, .separated by a promment, flexuous, ap- 
parently not pustulate keel. There is also one pore to be 
seen opposite the dilatations of the dissepiments. The pe- 
riphery of the fenestules is not greatly indented. Under side 
finely striated. 

Found in the black limestone below ^'F'lint Ridge" in 
Carboniferous exposures **in the corners," three miles about 
south of Coyote Springs, Sandia Mts., N. M. 

Whether it is identical with ^'F'enestella intermedia," de- 
scribed by Prout in **Trans. St. Louis Acad. Sci.," p. 231 
or not, it was impossible to decide, because of the ambigu- 
ous description, especially with regard to the arrangement 
of the pores. If further researches should prove it to be 
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not identical with **F. intermedia/' we would suggest the 
name: ''Fenestella albuquerqucana'' 

7. Cystodictya sp. 

A rather large bifurcating frond occurs in a few poorly pre- 
served specimens that in most respects resemble C. carbonaria 
Meek. The species differs, however, in the fact that the pores 
are larger and less numerous. In a frond 35 mm. wide there 
are not more than eight rows of pores and about eight pores 
occur in a lengthof smm. The specific identity must be left till 
better preserved material can be secured. 

Brachiopoda. 
*8. Lingula tighti Herrick, Bull. Denison Univ., vol. II, 

p.? 

The faintly preserved specimens we have from the shale 
more nearly resemble this than any other Carboniferous Lin- 
gula. 

♦9. Discina nitida Phillips. 

This familiar form occurs sparingly in the shale and adja- 
cent strata. 

♦10. Martinia lineata Martin, 

Abundant throughout the entire Carboniferous series in 
New Mexico. 

*ii. Ckonetes mesoloba Norwood and Pratten. 
So far as we know this species is found only in the lower 
part of the series, that is in mid-Carboniferous and upper Car- 
boniferous time but it does not rise above the Coyote sand- 
stone to mingle in the Permo-Carboniferous facies. 

*I2. Athyris arge7ttea {subtilita) Shepherd. 

Found throughout the series but is represented by a gross 
variety in the Permo-Carboniferous that may deserve a dif- 
ferent name. 

♦13. Derbia {Hemipronites) crassus ^l^tk 2.nA Hayden. 

The efforts to revise this genus do not clear the matter up 
sufficiently to enable us to be sure of the specific name for this 
common form. 

*I4. Prodiictus corn D'Orb. 

A species which has been known as Productus prattenianus 
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extends throughout the Carboniferous and well into the Per- 
mian with very little perceptible change. While it is possible 
to distinguish several different forms these seem to represent 
different local or stational conditions than any permanent va- 
rietal types. The striae increase in some cases by bifurcation 
and in others chiefly by implantation and considerable varia- 
tion in size and regularity of form was observed but these are 
rather individual than varietal characters. 

♦15. Productus semiretictdaitis Martin. 
This well-known shell occurs below the Flint Ridge shales, 
though chiefly in the small form which has been distinguished 
as P. costatus, though it probably does not deserve to be sep- 
arated from the species quoted. Above the Flint Ridge this 
• species frequently appears in very large specimens especially in 
the upper or Permo-carboniferous. We have recently found it 
also in the Permian proper. 

♦16. Productus nebrascensis Owen. 

This well-known Coal Measure species is abundant in the 
Flint Ridge shales. It is also sparingly associated with P. 
semireticulatus at higher levels. 

17. Productella pef tenuis Meek? 

A small Productella is indicated by imperfectly preserved 
fragments which may belong to the species quoted. 

*i8 Spirifer striatus Martin. 

We have a large collection of spirifers ranging throughout 
the Coal Measures and well up into the Permian which vary 
among themselves in form and many of their surface charac- 
ters. They all agree in having an extended hinge and trans- 
versely-striated hinge area and in the rather sharply angular 
and fasciculate radiating costae. Some display the fine and 
regular concentric lines of growth said by Schuchert to be 
characteristic of S. striatus while others, which have been ex- 
foliated or are, perhaps, in another condition of preservation, 
fail to display these marks. It may be noted that Meek*s fig- 
ures of S. cameratus also show the concentric lines. We in- 
cline to believe either that S. cameratus is a mere variety or 
age form of S. striatus or that the synonomy of the two forms 
is inextricably confused. 
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In the black lime and the Flint Ridge above it, the speci- 
mens are relatively small but cannot be otherwise distin- 
guished. 

*I9. Spirifer opimus Hall. 

There are a number of specimens which seem to agree with 
S. opimus in the limestone below the shale as well as in still 
higher horizons but we cannot be certain that they are not 
the young or small forms of S. striatus with which they are as- 
sociated. 

20. Spirifer fultonensis Meek? 

21. Rynchonella sp. 

Lamellibranchiata. 
*22. Astartella yiewberryi Meek. 
*23. Astartella varica McChesney. 
*24. Avicidopecten scalaris Herrick. 
*25. Aviculopecten occidentalis Win? A large species is 
re presented by mere fragments. 

*26. Crenipecten foersti Herrick. * 
*27. Lima retifera Shumard. 

28. Edmondia nebrascensis Geiniz? 

29. Macrodon carbofiaria Con. 

Heteropoda. 
*30. Bellerophon crasstis M. and W. (?) 

Pteropoda. 

31. Conularia sp. 

Crustacea. 

32. Phillipsia sp. 

A small trilobite is represented by pygidia alone and al- 
though it is undoubtedly new it does not seem to us desirable 
to name forms in this genus upon pygidial characters only. 
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EDITORIAL COMMENT. 



BiBLIOGRAPHIA GeOLOGICA. 

The "Bibliographia Geologica" noted by Mr. J. B. 
Woodworth in the January number of this magazine, which 
M. Mourlon, Director of the Geological Survey of Bel- 
gium, is bringing out with the collaboration of M. G. Sim- 
oens, is of great importance and deserves to occupy the 
first place, and a department all to itself in any future 
edition of the **Catalogue of Geological Bibliographies" 
published under the auspicies of the International Congress 
of Geologists by M. E. de Margerie. 

The extent of this former work is not generally under- 
stood. Briefly the work is divided into two series viz: (A) 
that including the geological papers published anterior to 
Jan. I, 1896; and (B) the works published after that date. 
The first volume of Series A includes 3,000 publications 
found in the library of the Belgium Geological Survey. The 
consecutive volumes of this series will together give a uni- 
versal catalogue of geological literature up to 1896 so far as 
this library can give it, and when this source has been ex- 
hausted it is the intention of the editors to consult the great 
libraries in foreign countries and then produce a really 
Universal Catalogue for all libraries. 

For the convenience of the subscribers to this colossal 
work the titles will be printed only on one side, so that the 
sheets can be cut and pasted on the catalogue cards of each 
library, the hooks in its possession being indicated by an 
underscore of these titles. The Dewey decimal system of 
classification has been adopted whereby the advantages of 
cross reference are secured at one record of subject, geo- 
graphical relation, and author. 

The prices of the parts already issued are very moder- 
ate. Series A, Vol. I, 378 pp. in 8vo; and Series B, Vol.11, 
372 pp. in 8vo, cost 8 francs per volume. Series B, Vol. 
I, 215 pp. 8vo, costs 5 francs. A copy of the second edi- 
tion of the ^'Decimal Classification" of Melvil Dewey ap- 
plied to geological science &c., costs 2 francs. 

The publications can be had of Hayez, Book publisher 
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of the Royal Belgian Academy, 112 Rue de Louvain, 
Brussels. p. f. 

The Geology of New Hampshire, by C. H. Hitchcock. 

This article published in separate form is very interest- 
ing both as regards the history of geological exploration 
and in the incidental comments from 1839, the date of the 
first, principally mineralogical, survey of Jackson. The 
second survey began in 1868 under the direction of the au- 
thor and lasted ten years. He modestly deprecates any 
comparison of the methods of a survey conducted at that 
epoch with one carried on in the nineties **with the multi- 
tudinous facilities of the latter period"' though he has no 
reason to do so, for many departments of that survey have 
never been excelled in thoroughness and accuracy. 

His succinct statement of the supplemental information 
gained since the publication of the last official report is ad- 
mirable for its frankness and clearness. It shows among 
other things how likely are the strongly defended theories 
of strong minds to dominate and influence geological reason- 
ing, and often to retard a just conception of the phenomena. 

p. p. 

Traquair on Silurian Fish. 

Prof. R. H. Traquair has described in the Transactions of 
the Royal Society of Edinburgh (Vol. XXXIX, part HI) an 
important collection of fish remains from the uppermost 
Silurian rocks of the Lesmahagon district in Scotland. Our 
knowledge of the earth's primaeval vertebrate fauna is slowly 
increasing by the discovery of new forms from this horizon, 
but the passage of every year renders it more and more un- 
likely that we shall ever trace the vertebrates to strata of much 
greater age. 

•These fishes occur in special bands in the horizons des- 
ignated as Ludlow and Downton, the latter forming the up- 
permost part of the Silurian System.'* 

We may remark that though difference of opinion has ex- 
isted on the subject, yet the Downton sandstone has been 
generally regarded as a passage-bed from the Ludlow (Si- 
lurian), to the Old Red sandstone (Devonian), immediately 
overlying it. 
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None of the species described by Prof. Traquair is equal in 
age to Scaphaspis (so-called) from the Lower Ludlow of 
Herefordshire so that they do not extend the history of fishes, 
either in horizon or in time, beyond our previous knowledge. 
But the fossils are remarkable because they add some new 
forms to the scanty ichthyic forms of these ancient rocks. 

Among the Heterostraci (Lankester), these fossils give us 
for the first time some idea of the form of the Coelolepidae 
which have hitherto been only known by scattered scales. 
Two species are referred to the genus Thelodus of Agassiz. 
(T. scoticus and T. planus.) They measure about eight 
inches in length and are preserved chiefly as outlines on the 
stones, which presents rudely but unmistakably the forms of 
fishes, but gives almost no details of their structure. 

To these Prof. Traquair has been able to add a new genus, 
which, from the country in which the remains were found, he 
calls Lanarkia, with three species (L. horrida, L. spinosa, L. 
spinulosa). These also are presented as outlines on the stone, 
but are characterized by a dermal armature of sharp, conical, 
hollow spines, a character previously unknown on the Hete- 
rostraci. There were also small fishes scarcely equalling 
Thelodus in size. 

These five species constitute a very important addition to 
our scanty heterostracan fauna and enable us to realize bet- 
ter than was previously possible the general form of these 
fishes and by inference that of their relatives, though Prof. 
Traquair's restoration (fig. i), is more suggestive of 
Cephalaspis than of Pteraspis. 

Ateleaspis, so named from the imperfection of its cephalic 
shield, is typified by a very ill-preserved specimen, whose 
generic description is chiefly summed up in the words 
*'dermal covering in part consists of small polygonal plates, 
while behind the pectoral fin-flaps it takes the form of flat 
rhombic sculptured scales." The general form of this fish, 
as rudely indicated by the fossil, and the presence of lacunae 
in the bone dictate a reference to the Osteostraci, among 
which it is accordingly placed. 

Prof. Traquair has established a new order (Anaspida), 
of fossil fishes to include some forms which agree with neither 
of the orders already mentioned, and indeed which resemble 
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nothing yet known from that horizon. They have much 
more the appearance of fishes than the cephalaspids or the 
pteraspids; show a distinct heterocercal tail and a dorsal fin. 
They also have a row of plates or tubercles, along the ventral 
margin of which several of the hinder ones carry distinct 
spines. 

Yet more fishlike is Lasanius problematicus, of which the 
same characters have been preserved, and eighteen distinct 
scutes with sharp points are seen along the ventral surface. 
Of their position. Prof Traquair ssys there is no doubt, re- 
markable as it may seem. 

Summing up the results of his investigations Prof. Tra- 
quair says: *'The Coelolepidae are shark-like fishes of small 
size, the largest known being only fourteen or fifteen inches 
in length. Xo traces have been seen of jaws, teeth, eyes, 
branchial openings, or internal skeleton." 'The notion that 
the selachian spines known as Onchus. or the teeth, which 
have been named Monopleurodus and Anchistrodus, had any- 
thing to do with the Coelolepidae is entirely disposed of." 
"Nevertheless we should have no hesitation in assigning the 
latter a place among the Selachii." 

One of the most remarkable and interesting forms which 
Prof. Traquair has here described is the hitherto little known 
Drepanaspis of Prof. Schluter. A series of specimens from 
Cicrmany has enabled him to throw new light on this fossil. 
While maintaining its relation to the Coelolepidae, Prof. Tra- 
quair has, nevertheless, found it advisable to place it by itself 
in a new order, Drepanaspidae, of which it is the type. Mr. A. 
S. Woodward, in his catalogue, referred Drepanaspis to the 
coccosteids, possibly on account of the large dorsal plate 
which certainly suggests a resemblance to that of Coccosteus, 
etc. But the plate of Drepanaspis is part of the cephalic shield. 
if our author's restoration is correct, and not of the dorsal 
arnu)ur. This recalls Cephalaspis rather than Coccosteus. 
lUit the jjrrcat hcacl-])iece of tlie former genus is here broken 
iq) into the lari^e "central" a])ove mentioned, two scythe- 
^hapcd "marginals" (whence the name), a few **rostrals*' and 
a multitude of small polygonal tesselated plates which fill the 
intervening space. The tail (as restored), is heterocercal. but 
scarcely bilohcd. riiere is the same absence of jaws and 
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teeth as in all the other known ostracoderms. But as Prof. 
Traquair points out, if the so-called "fin-flaps" of Thelodus 
and Lanarkia really acted as fins, they have lost their function 
hi Drepanaspis, where they are replaced by unyielding struc- 
tures of bone. In that case another organ must be looked 
for to perform the duty of fins, as it is scarcely likely that 
these creatures could direct their movement without some 
other engine than the propelling tail. The same argument 
will apply to the rest of the ostracoderms. 

Continuing his remarks along the same line, Prof. Tra- 
quair claims the curious fossils, known as Psammosteidae for 
the ostracoderms. These have been referred to the coela- 
canths, to the coccosteids and to the supposed **armoured 
sharks." But from an examination of the microscopic struc- 
ture of their boat-like shields evidence is obtained of their 
affinity with Thelodus and Ateleaspis. The presence of cer- 
tain falciform plates also strongly supports this reference by 
suggesting an affinity to the similar parts, just mentioned, of 
Drepanaspis. On this view the group of "armoured sharks" 
of some writers disappears by their transference to the 
Heterostraci. 

There is less that calls for remark in the chapter on the 
pteraspids. Prof. Traquair, however, takes the view that 
these fishes possessed no fins and that the objects taken- for 
such by some writers are of a different nature. His reference 
to the opinions of Jackel and Dean is, however, scarcely con- 
clusive and the fossils cannot be explained in that view with- 
out a forced construction of their meaning. 

It follows, then, that Prof. Traquair maintains the view 
that the Elasmobranchs are the earliest known forms of fish, 
and he would derive the other group of Osteostraci and Hete- 
rostraci from these by continuous ossification and consoli- 
dation of the tubercles of Thelodus, or of the other Coel'ole- 
pidae. In this case we must consider the sharks as the sur- 
viving form and the others as forms which, in consequence 
of lack of harmonv with the environment, have failed in the 
struggle for existence. At the same time it is scarcely pos- 
sible to doubt, after a study of the various groups of fishes, 
both fossil and recent, that the teleosts have more probably 



248 The American Geologist, April. 1900 

descended from them than from the elasmobranchs along lines 
at present uncertain, but of paleozoic date. 

In conclusion Prof. Traquair maintains the connection of 
the Heterostraci and Osteostraci as a natural group whose 
parts are closely and genetically related and that the class 
of ostracoderms **is not a mere delusion, founded on the oc- 
currence together, geologically of their fossil remains." And 
he adds : 

"The fossil fishes from the Silurian rocks of the south of 
Scotland, described in the preceding pages, constitute eight 
species, which are all new to science." "And whether the 
views which I have expressed regarding the phylogeny or 
classification of these and allied forms be adopted or not these 
recent discoveries by the geological survey have opened out 
a new vista in the field of paleozoic ichthyology." 

We conclude with a single remark on the phylogeny sug- 
gested by Prof. Traquair. It is that so far as the evidence at 
present warrants a deduction the true ostracoderms are older 
than the true elasmobranchs. No elasmobranch yet known 
from the English strata equals in age the so-called Scaphaspis 
(Cyathaspis?) of the English Lower Ludlow. Nor does any 
Onchus, granting the elasmobranch nature of this fossil, ex- 
ceed the Palaeaspis of the Qinton rocks of Pennsylvania 
and both are much later than the apparently petromyzont 
fossils from Canon City, Colorado, described by Walcott. 
The line of descent from a primitive elasmobranch type seems 
therefore, far from certain. Whether the suggestion stands 
or falls, the result will in no way detract from the great value 
and interest of Prof. Traquair's contribution to fossil 
ichthyology. E. w. c. 



Review of Recent Geological Literature, 249 

REVIEW OF RECENT GEOLOGICAL 
LITERATURE. 



Die Silurischen Craniaden der Ostseeldnder mit ausschluss Got- 
lands. Von Friedrich Baron Hoyningen-Huene. (Verhandlung- 
en der Kaiserlichen Russischen Mineralogischen Gesellschaft zu St. 
Petersburg. Zweite Serie, Bd. XXXVl, No. 2.) 

Under the above title, Baron von Hoyningen-Huene has published a 
very good account of the Craniadae, an essay which for completeness 
and grasp of the subject is comparable to Michwitz book on the genus 
Obolus. 

Herr von Huene recognizes the following genera under Craniadae - 
Pseudocrania, McCoy, Pholidops, Hall, Pseudometoptoraa, Huene, Eleu- 
therocrania, Huene, Philhedra, Kokm (emmend. Huene) and Craniella, 
Oehlert. 

The first section of the essay is taken up with an account of the animal 
and its shell; and a historical account of what has been written in refer- 
ence to the family under review. The second section contains a descrip- 
tion of the family, with keys to the genera and sub-genera; and the 
stratigraphical and geological distribution of the Baltic species. 

The genera and species of the Baltic provinces are thus described in 
full. 

- The third section reviews and gives conclusions in reference to the 
Baltic Craniadae and a comparison of the forms of this family with other 
brachipods. 

Quite a number of cuts, showing the characters of the diflFerent genera 
are scattered through the text, and six large plates with figures of the 
Baltic species are given. One plate showing the relation of the muscle- 
scar in several genera of inarticulate brachiopods is very suggestive. 
One table (p. 268) in the text shows a regular procession of species of 
the genus Pholadops from the Lower Ordovician to the Carboniferous. 
Another at page 328 shows the distribution of the Craniadae in time and 
the several geological systems in which the different genera are found 
to prevail. o. F. m. 

Nogra Anteckningar om Vestergbtland Oftersiluriska G rap to it t- 
skiffrar. Af Sv. Leonh. Tornquist (Geol. Foren i Stockholm Forhandl., 
Bd. 2i.Hft. 7, 1899.) 

Dr. Tornquist herein describes the species of graptolites found in the 
several zones of the Upper Silurian shales of the province of Vestergot- 
land and refers to the work of Linnarsson, Holm, Moberg, and others 
in connection with the Graptolites of this formation. q. f. m. 

A Preliminary Report on a Part of the Clays of Georgia, By 
George E. Ladd, Assistant Geologist. Bulletin No. 6-A. Geological 
Survey of Georgia; W. S. Yeates, State Geologist. Pages 204, with 17 
plates, a map, and 11 figures in the text; 1898. 

This volume describes the clay deposits and industries in the vicinity 
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of the "fall line" in southern Georgia, where the piedmont plateau is 
succeeded by the coastal plain. Some of the author's observations and 
conclusions were presented by him in an article in this magazine for 
April, 1899. An excellent fire-clay industry in the Potomac division of 
the Lower Cretaceous outcrops along the "fall line,*' which crosses the 
state from Augusta to Columbus. This clay is used for the manufac- 
ture of pottery and fire-brick^ and as an ingredient of wall paper. 

w. u. 

Physiography of the Chattanooga District in Tennessee ^ Georgia, 
and Alabama, By Charles Willard Hayes. (Nineteenth Annual 
Report, U. S. Geol. Survey, 1897-98. Part II, pp. 1-58, 5 pis.) 

This report is in such a form as to be available to those who arc 
not familiar with the principles and methods of the modern geographic 
school. Consequently it embraces a re-statement of many elementary 
principles, as well as an account of observed facts. The subject mat- 
ter of the paper is closely related to that of the author's previous pub- 
lications, "The Southern Appalachians,"* and "Geomorphology of the 
Southern Appalachians."! The latter papers dealt with the general 
physiographic development of the area of which the' Chattanooga dis- 
trict is a small part, while the present paper is both a recapitulation 
of these writings and a more detailed development of the same sub- 
ject. 

In connection with his discussion of general principles, the author 
adds a new term to physiographic nomenclature. He confines the 
term monadnock to residuals rising above a peneplain well advanced 
toward reduction to base-level. He uses the term unaka to cover 
residuals in relief above a less advanced peneplain. The Unaka moun- 
tains of eastern Tennessee and North Carolina furnish both the type 
and the name. 

The Chattanooga district contains portions of all the five Appala- 
chian topographic divisions; Piedmont Plateau, Appalachian Moun- 
tains, Appalachian Valley, Cumberland Plateau, and Interior Low- 
lands. The author classifies the various rock types according to 
erodibility, and illustrates in a graphic way the relation of topographic 
relief to lithologic composition. 

The most striking physiographic features to be distinguished are 
three peneplains. A Cretaceous and a Tertiary peneplain were de- 
scribed in •'Gcomorphology of the Southern Appalachians." In the 
present paper the author finds the Cretaceous peneplain in the Chat- 
tanooga district to be represented by the Cumberland Plateau. Far- 
ther study of the Tertiary plain, which is here represented by the 
Highland Rim, has led bim to place its date as Eocene. Below this 
be distinguishes a third level, the Coosa peneplain, which he finds 
to be of Neocene a^e. 

*C. \V. Hayes: Nat. Geoj^. Monographs, vol. I, No. 10, Dec. 1895. 
pp. 305-33^. 

+C. \V. Hayes and M. R. Campbell: Nat. Geog. Mag., vol. VI. 

i8q4, pp. 63-126. 
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Antecedant consequent, subsequent, and superimposed streams are 
to be distinguished. The history of these four types is shown in de- 
tail, as well as the drainage development in each of the three erosion 
cycles. 

The drainage during the Cumberland tpoch and the present inter- 
relations of the three peneplains are well illustrated by a series of 
maps. 

A new summary of fundamental principles is not without value 
in connection with the bringing forward of new facts. This paper 
adds valuable details to the erosion history of a particularly interesting 
district and furnishes both a satisfactory report of general principles 
from a new point of view and an addition to the facts upon which 
such generalizations are based. i. h. o. 

A Preliminary Report on the Artesian-Well System of Georgia, 
By S. W. McCallie, Assistant Geologist. Bulletin No. 7, Geol. Sur- 
vey of Georgia. Pages 214, with two maps, numerous profiles, and 22 
figures in the text; 1898. 

The large area of Cretaceous and Tertiary strata in the south part 
of the state is found nearly everywhere to yield artesian water from 
moderate depths, averaging about 450 feet. In cities and towns deriv- 
ing their domestic supply of water from the aftesian wells, the former 
prevalence of chills and fever has been much diminished. The first 
successful artesian well here was bored in 1881, and previous to the date 
of ^ this report (October, i8q8) the number of such deep wells in use in 
southern Georgia exceeded two hundred. w. u. 

Devonische Fischreste aus der Eifel, von Friedrich v. Hukne. 
(Xeues Jahrbuch fftr Mineralogie, Geologie und Palaeontologie, Jahrg. 
1900, B. I.) 

This brochure relates to a lower jaw of a fish from the Devonian 
rocks of the Eifel. The object is a fragment of the jaw and is referred 
by Baron von Huene to Newberry's genus Rhynchodus. Two figures 
are given in the text. o. f. m. 

The Great Lakes and Niagara. By Ralph S. Tarr. Bulletin 
of the American Geographical Society, vol. xxxi, pp. 101-117, 217-235, 
and 315-343, April, June, and October, 1899. 

In an admirable series of illustrated articles on the "Physical Geog- 
raphy of New York -State," Prof. Tarr devotes three numbers to reviews 
and discussion of the Glacial and Postglacial history of the region of 
the great lakes tributary to the St. Lawrence river and the problem of 
the duration of the Postglacial period according to estimates based on 
the erosion of the Niagara gorge. The first paper treats of the origin of 
the lake basins; the second, of the glacial lakes temporarily held by the 
waning ice-sheet at higher levels than the present lakes, with outlets 
southward over present lines of watershed; and the third considers the 
methods of erosion and age of the Niagara river and falls. Each arti- 
cle is accompanied by plentiful citations of the somewhat abundant lite- 
rature, and aims mainly to pronounce impartial decisions upon the value 
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of the various theories that have been abvanced in this field, rather than 
to propound new views. 

Professor Tarr ascribes chief potency to glacial erosion among the 
causes of the lake basins. He thinks, with Gilbert, that the instability 
of that part of the earth's crust, not yet at rest from its disturbances by 
the load of the ice-sheet and by its removal, may possibly result in di- 
version of the drainage from the lakes above Ontario to the Mississippi 
by way of the old Chicago outlet. Concerning the duration of Niagara 
and of Postglacial time, he thinks it probably less than 10,000 years^ 
though njore definite knowledge of the Nipissing outlet from lake Hu- 
ron eastward is desired. w. u. 

Geological History of the Nashua Valley during the Tertiary and 
Quaternary Periods, By W. O. Crosby. Technology Quarterly, vol. 
XII, pp. 288-324, with two maps and two plates of scenery from photo- 
graphs; December, 1899. 

Eastern Massachusetts and southern New Hampshire present two 
ancient peneplains, one of Cretaceous and the other of Tertiary age, 
each moderately hilly. The latter, adjoining the coast and reaching 
many miles inland, rises to a normal elevation of 100 to 200 feet. The 
valley of the Nashua river, eroded below the Cretaceous peneplain in a 
belt of relatively soft argillaceous strata, is regarded as continuous sea- 
ward with the Tertiary peneplain. Buried gorges in the Nashua valley, 
tilled and covered with the glacial and modified drift, are revealed by 
wells and by borings on the site of the Wachusett dam, near Clinton, 
Mass., which has been built across the Nashua valley to form a large 
reservoir supplementing the water supply of Boston and its suburbs. 
Long stability of the land during Tertiary time appears to have been, 
terminated by an important pre-glacial uplift, when the gorges were cut, 
ending probably in the accumulation of the ice-sheet. 

At the end of the Glacial period, the recession of the border of the 
ice-sheet is thought to have been here from southwest to northeast; and 
in the Nashua valley, declining northeasterly, a glacial lake of very ir- 
regular outlines was formed, attaining, in the combined area of all its 
stages, a length of about twenty-five miles, with a maximum width of 
about seven miles. It had successive outlets, each lower than the pre- 
ceeding, uncovered by the retreat of the ice border. Like the similar 
glacial lake of the Contoocook river valley in New Hampshire, the re- 
cord of lake Nashua consists chiefly in its delta deposits and its tracts 
of modified drift spread at the old lake levels. w. u. 
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CORRESPONDENCE. 



Mr. Walcott's view of the Etcheminian.- In a recent paper* Mr. 
Walcott gives the result of his studies in Newfoundland and New 
Brunswick last year. The article is chiefly devoted to traversing the 
writer's statement that there is a Palaeozoic terrane beneath the Cam- 
brian of the Atlantic provinces, distinct from the Cambrian by its 
fauna and stratigraphy. 

About half of the article is devoted to a description of various sec- 
tions in Newfoundland, from which Mr. Walcott endeavours to show 
that the "Olenellus fauna" extends throughout the terrane which the 
writer had referred to "Etcheminian." On analyzing the notes on 

♦Lower Cambrian Terrane in the Atlantic province, by C. D. Wal- 
cott (Proc. Washington Acad. Sci., Vol. I, p. 301. Feb., 1900). 
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these sections, however, it would appear that he did rtot trace trilobites 
any lower down than had been done by the Geological survey of New- 
foundland years ago; he seems to depend chiefly on the presence of 
Coleoloides typicalis as showing the presence of the "Olenellus Fauna" 
in the lower bed; but that object is not always distingttishable from 
Hyolithellus micans, a problematical fossil found as high up as the 
Protolenus Zone; it was by Walcott placed under Pteropoda, but is 
probably of the tube worms; and tube worms and brachiopods seem 
the most striking fossils of this lower terrane. 

In reading this article one must always bear in mind the wide 
range given by Mr. Walcott to the genus Olenellus, as wide as mighi; 
be obtained by uniting the genera Olenup, Paradoxidcs and Protolcnu? 
whose collective vertical range might equal that of Olenellus as thus 
understood, and whose divergence of form is not greater than that of 
Olenellus in the large sense. The need of limiting and dividing up 
this genus has been shown by Moberg. In Newfoundland Mr. Wal- 
cott seems only to have found **0." broggeri and has not shown its 
place in relation to the original Olenellus, O. thompsoni. He claims 
that 390 feet of the measures referred to the Etcheminian terrane by 
the writer contain the **0." broggeri fauna, which by the species shov^rn, 
is the Troy (N. Y.) fauna.' As this fauna comes up in contact with 
the Protolenus fauna, it is difficult to see where the fauna of Olenellus 
thompsoni, which is said (p. 338) to be 1,000 feet above the basal (or 
Troy bed), comes in, unless in the west it replaces Protolenus and 
Paradoxides; this, however, Mr. Walcott will not admit, as witness 
his "Conclusions" (p. 339). By these conclusions we are compelled 
TO accept as "Lower Cambrian*' fossils Olenoides (Dorypyge) mar- 
coui. Protypus scnectus, various Ptychopariae, Microdiscus pulchellus, 
Conocoyphe trilineata, etc.* 

Involved in the first "conclusion" is the view which Mr. W^alcott 
elects to adopt, that the relation of the Cambrian to the Etcheminian 
is one of transgression overlap, not unconformity, and he cites the 
present writer as calling it a "great unconformity." Anyone who 
will read the writer's paper, however, will see that it is spoken of as a 
slight unconformity not easily recognized. 

In his revision of the Hanford Brook section Mr. \yalcott finds a 
tault which cuts out 200 feet of the thickness of the Etcheminian: he 
also finds "fragments of the Olenellus fauna" (p. 337). On turning to 
the description (p. 322) we find these are tube worms (2) and a 
brachiopod; these probably are the species already described from 
this locality or collected there by the author. Olenellus thompsoni 
everywhere avoids us in this "Lower Cambrian" of the Atlantic prov- 
inces. I do not see that Mr. Walcott has got much beyond the de- 
scription of the characters of the fauna of this terrane given at page 
2^2,Z^ though that applied to the fauna of Newfoundland; westward of 
there, larger brachiopods arc known, but otherwise the faunal char- 
acteristics are the same. It is the examination of large areas that 

♦Correlation papers, Cambrian, pp. 278. 282. 
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shows the unconformity between the Cambrian and Etcheminian, 
which might exist without being traceable in limited exposures of con- 
tact. 

Mr. Walcott cites the case of an intrusion of sandstone into the 
Trenton terrane as a parallel case to the white sandstone at the base 
of the St. John group; it is, however, not a parallel; in the former case 
the sedimentation and fauna are the same, above and below the sand- 
stone, in the latter they are not. This difference in sedimentation and 
fauna is apparent everywhere in Canada at the contact of the Etche- 
minian and Cambrian. 

Mr. Walcott does not seem to be much more happy in his ap- 
plication of new names to the Cambrian, etc., of the Canadian Atlantic 
provinces, than in his search for the Olenellus fauna. 

He has resurrected from a quiet corner of his "Correlation Papers," 
p. 360, a name (in brackets) that in 1891 he applied to a geological 
section he had not seen; his right to apply it seems dubious, as he did 
no work there; and the utility of adding another set of local names to 
those of the St. John group, seems still more questionable. The 
**Seely quartzite" is not on Seely street and the section he refers to is 
on another street; the "RatclifT' section shows only a part of the 
"shales," the fossils are distorted, and only one subfauna of Para- 
doxides has been obtained there; other sections show as many as 
three subfaunas. The whole of the St. John terrane has been worked 
out by the Canadian surveyors, its faunas placed, and its sedimenta- 
tion described. 

Mr. Walcott uses the name Algonkian for all the terranes between 
the Cambrian and Archaean. An exactly similar application was 
previously made by the late Sir Wm. Dawson of the name "Eozoic;" 
surely a much happier choice as an equivalent of Palaeozoic, Meso- 
zoic, etc. Mr. Walcott's remarks on the rocks below the Cambrian 
and Etcheminian would have had a more definite value if he had used 
the local names applied by the members of the Canadian geological 
survey, in place of Algonkian. 

In conclusion I may say that though Mr. Walcott seems disposed 
to brush aside the names and results obtained by the Canadian geolo- 
gists in this region, he has not done the work which will warrant this 
proceeding. A useful work within his own province would be to un- 
ravel the tangled Cambrian faunas of Washington Co., New York, or 
ascertain what faunas occur in the i.ooo feet of measures, between the 
base of the Palaeozoic and the original Olenellus fauna of western Ver- 
mont. 

G. F. Matthew. 

P. S. — I have not thought to refer, except in very general terms, 
to the difficulty which Mr. Walcott's view of the continuity of the 
Eopalaeozoic sedimentation introduces into the succession of the Cam- 
brian faunas — In Newfoundland Mr. Walcott finds the Protolenus and 
Paradoxides faunas follow in regular succession to the Fauna of Olen- 
ellus [Holmia] brciggerL Where is the fauna of Olenellus thompsoni? 
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yet we find this latter fauna in northern Newfoundland. Again in 
New Brunswick he claims to find the fauna of Protolenus following 
in undisturbed succession to the beds which he says here contain the 
same fauna of Olenellus [Holmia] broggeri, why does not the fauna of 
Olenelius thompsoni show itself between? To take a step further 
west, at lake Champlain, Mr. Walcott does find the fauna of O. thomp- 
soni in Vermont, but it is a thousand feet above the base of this con- 
secutive series of Cambrian deposit. In what are said to be the basal 
beds of the series at Troy, New York, is found the fauna of O. [H.] 
broggeri, though not that species itself. Why do not Protolenus and 
Faradoxides follow in succession to the Broggeri fauna here, and why 
are the Broggeri and Thompsoni faunas separated by one thousand 
feet in thickness of measure? not coarse deposits, but limestones. No 
such condition as great thickness of measures characterized by one 
Cambrian fauna, is known in the eastern part of the continent; and we 
cannot but suspect that this intermediate zone of one thousand feet 
contains the faunas which will throw light on this paradox. 

G. F. M. 



PERSONAL AND SCIENTIFIC NEWS. 



The Geological History of Parasitism was the sub- 
ject presented by Prof. J. M. Clarke in a lecture in the Co- 
lumbia series, Feb. 24th. 

Prof. C. E. Beecher of New Haven has prepared a 
life-size restoration of Stylonurus excelsior, the largest in- 
vertebrate animal found in the rocks of New York state, hav- 
ing a length of about five feet. 

The total traffic through the locks of the '*Soo" 
Canal for less than eight months is five times as great in 
number of vessels and slightly less than twice as great in 
actual tonnage as passes through the Suez canal during an 
entire year. 

Mr. J. B. WooDWORTH, instructor in geology in Har- 
vard University, has been appointed assistant on the New 
York geological survey to study glacial features of New 
York. Mr. Woodworth will begin his studies in the lower 
Hudson valley in the season of 1900. — Science* 

During the Past Winter professor Emerson has com- 
pleted the map, covering the southern two-thirds of Worces- 
ter county, Massachusetts, and much of the microscopic 
work upon the crystalline schists. It is expected that by 
the end of the coming season the field work upon Worces- 
ter county will be practically completed. 
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Part IV, of the Geology of the Boston Basin, deal- 
ing with the rocks of the Neponset river valley, is nearly 
ready for publication. Prof. W. D. Crosby has spent sonie 
time during the winter in economic and geologic work in 
the Joplin district of Missouri. It is his intention to con- 
tinue in Colorado, during the coming summer, the studies in 
which he has been interested for some time past, and upon 
which several papers have already been published. 

Prof. Brogger's Lectures at Johns Hopkins will be- 
gin April 25th, and will close May 3d, and will be attended 
by excursions into the region about Baltimore. The subject 
discussed will be 'Principles of a genetic classification of 
the Igneous Rocks," to be followed by five lectures on **The 
late geological history of Scandinavia, as shown by changes 
of level and climate in southern Norway since the close of 
the Glacial epoch." The lectures will be delivered in the 
English language. Parties desiring to participate should 
communicate with Prof. W. B. Clark at an early date. 

Professors Branner and Newson of Stanford Uni- 
versity have prepared and issued the second edition of their 
syllabus of a course of lectures on Economic Geology. It 
is designed for students both while in college and after- 
wards, and is provided with blank pages for the purpose of 
entering notes and keeping the owner's ready knowledge up 
to date. More space is given to the economic geology of 
this than that of foreign countries. It is illustrated with 
line-sketches of mines and rock sections. Its cost is S2.75. 
It has 354 pages and 141 cuts. Communications should be 
addressed to the authors at Stanford University, California. 

During the Field Season of 1899 Dr. T. Nelson Dale, 
with his assistant, Mr. V. H. Moffit, was engaged upon stra- 
tigraphical work in Vermont. In February last he gave, be- 
fore the Berkshire Historical and Scientific society, a contin- 
uation of the geology of Mount Greylock, starting in its his- 
tory where the description ends in part III of Moiiograph 
XXIII, U. S. G. S., and reviewing the later phases. A Pleis- 
tocene lake which encircled the northern portion of the 
mountain he has named lake Bascom, after professor Bascom 
of Williams college. The work upon Bird mountain, Ver- 
mont, has been finished, and is to appear in the 20th Annual 
Report, U. S. Geological Survey. 

The Mont-Blanc and Simplon Rocks. The Minera- 
iogical and Geological Bureau of Geneva proposes to gather 
together and prepare for scientific and industrial use, petro- 
graphic collections of the crystalline masses of the Alps, 
based on the most recent monographs. 

It is beginning with the series of rocks from the Mont- 
Blanc mass, the composition of which is minutely described 
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by professors Duparc and Mrazec in their late interesting 
work. 

These authors have demonstrated that Mont-Blanc is 
made up of a series of anticlinal and synclinal layei-s which 
have influenced the crystalline schists, and that at a later 
date the granite penetrated the arches formed thereby caus- 
ing the phenomena of metamorphism. Mont-Blanc is there- 
fore well adapted to the study of the metamorphic action of 
deep lying volcanic rocks on the schists of the crystalline 
layer. 

It has been demonstrated that the granite of which an 
important part of the Mont-Blanc mass is composed pre- 
sents a large number of special facies due to the profound 
modifications that it has undergone by its invasion of the 
schists of which the sedimentary layer is composed. 

Protogine was considered by former geologists only as 
an intermediary type between granite and the crystalline 
schists. In certain parts of the mass one is able to follow 
the gradual transformation that the modified crystalhne 
schists have undergone, and their development into real 
granite. 

Besides granite and its numerous variants, many volcanic 
or crystalline rocks, of an extremely interesting character, 
are to be found in the Mont-Blanc mass. 

The specimens will be carefully collected, under the su- 
pervision of Dr. F. Pearce, assistant to professor Louis Du- 
parc, and the latter gentleman will himself superintend the 
arrangement of them. 

The Mineralogical and Geological Bureau will supply 
purchasers with collections of geological specimens, with or 
without thin slices. 

These crystalline rocks have been specially described by 
professors Duparc and Mrazec, in a fine volume containing 
sixteen zincographic plates and two colored elevations, the 
price of which is 25 francs. 

The same institution is also charged with the important 
task of collecting the rocks of the Simplon tunnel which 
will connect Switzerland to Italy. The Jura Simplon Rail- 
way company designated a commission, consisting of doc- 
tors Renevier, Heim, and Schardt for the purpose of institu- 
ting and directing a geological, mineralogical, and geother- 
mal survey of the tunnel as the work progresses. Suites of 
the rocks encountered, with proper descriptions, and finally 
a complete memoir, will be furnished to such geologists as 
enter their subscriptions. These monographs cannot fail to 
furnish new light on many of the petrological problems now 
so much mooted as to metamorphism and differentiation. 
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NEW FOSSILS FROM MISSOURI. 
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Vol. XXV. MAY, 1900. No. 5 

DESCRIPTIONS OF NEW SPECIES OF FOSSILS 

FROM THE DEVONIAN AND SUBCARBONI- 

FEROUS ROCKS OF MISSOURI. 

By R. R. Rowley, Louisiana, Mo. 

(Plate V.) 
Bhipidomella diminutiva (nov. sp.). 

Plate V, Fig. 4L View of the brachial valve, natural size. 
Fig. 42. Cardinal view of the same specimen. 
Ffg. 43. Pedicel valve of the same. 

Shell suborbicular, length and width about equal. Car- 
dinal line about half the greatest width of the shell. Cardi- 
nal extremities rounded. Brachial valve less convex than 
the pedicel. Cardinal area triangular, small. Surface mark- 
ed by even, rounded striae. The specimen figured is medi- 
um in size and crossed by two or three lines of growth. 
This fossil might be mistaken for the young of O. swallovi, 
but the occurrence of so many of the same size and charac- 
ters, together with the adult appearance of the shells, have 
led the author to describe this form as a new species. 

The collection contains a dozen specimens, found in the 
white, limy cherts of the Lower Burlington limestone at Lou- 
isiana, Mo. 

Spirifer schucherti (nov. sp.). 

Plate V, Figs. 15, 16, 17. Dorsal, ventral, and cardinal views of the 
same specimen, natural size. 

Fig. 59. Enlargement of surface to show granular character. 
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Valves nearly equally convex. Hinge line shorter than 
the greatest width of the shell, making the valves subcircu- 
lar. Surface with rounded plications, four or five either side 
of the sinus and mesial fold. Pedicel valve more conv^ex 
than the brachial. Beak arcuate, over a small ill defined, 
triangular cardinal area, Mesial fold and sinus distinctly 
defined and without plications. Surface ornamented with 
diagonal rows of granules. The specimen figured is medi- 
um in size and without apparent lines of growth. A larger 
individual in the collection, however, is crossed by two or 
three concentric striae. 

The collection contains five specimens, collected from 
the limy cherts of the Lower Burlington limestone at Lou- 
isiana, Mo. 

Specific name in honor of Mr. Charles Schuchert of the 
National Museum, Washington, D. C. 



Spiriffer iouisianensis (nov. sp.)- 

Plate V, Figs. i8, iq. 20. Dorsal, ventral, and cardinal views, natu- 
ral size, of an above medium example. 

Fig. 64. Enlargement of the surface to show the fine, numerous, 
concentric lines of growth. 

Shell semi-circular, hinge line equal to the greatest width 
of the shell. Cardinal extremities obtuse. Area rather 
high, triangular. Sixteen to twenty rounded plications, 
crossed near the front by three or more rather strong lines 
of growth to each valve. Whole surface ornamented by 
fine, crowded, concentric lines or striae. Pedicel valve more 
convex than brachial; beak slightly incurved; sinus fairly 
well defined with obscure plications. Mesial fold not well 
defined, plicated. The collection contains ten examples of 
this Spirifer, all collected from the limy cherts of the Lower 
Burlington limestone at Louisiana, Mo. 



Ambocoelia levicula (nov. sp.). 

Plate \', Figs. 12, 13, 14. Dorsal, ventral and profile views of a 
large specimen, natural size. 

Pedicel valve gibbous. Brachial valve flat or slightly 
convex with or without a faint median depression. Beak of 
the pedicel valve comparatively strong, incurved. Umbo 
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very much elevated. Area not well defined. Cardinal ex- 
tremities rounded. Median sinus as a line-like depression 
that widens a little toward the front. Surface apparently 
smooth. 

The collection contains a dozen or more specimens from 
the limy cherts of the Lower Burlington limestone. The 
specimens vary in size from very small forms to those as 
large as the figure. . 

Nucleospira obesa (nov. sp.). 

Plate V, Figs. 38, 39, 40. Dorsal, ventral and profile views of a me- 
dium sized specimen. 

Shell subspheroidal, nearly circular in outline; the length 
being usually a little greater than the breadth. Brachial 
valve convex and crossed by lines of growth or smooth. 
Pedicel valve more convex with beak incurved. Area small, 
hidden by, the incurved beak of the pedicel valve. Neither 
mesial fold nor sinus developed. Surface apparently smooth 
and without striae. To the conditions of preservation the 
apparent absence of the hair-like spines, characteristic of 
the genus is due. The author's collection contains half a 
dozen specimens collected from the soft, white cherts of the 
Lower Burlington limestone at Louisiana, Mo. 



Seminula bisinuata (nov. sp.). 

Plate V, Figs. 21, 22, 23,24. Dorsal, ventral and profile views of a 
large specimen, natural size. 

Shell pentagonal. Brachial valve with a median eleva- 
tion or fold, bilobed in the largest specimen by a line-like 
furrow. Either side of the median fold is a rather strong 
depression, widening toward the front and giving this valve 
a trilobed appearance. 

Pedicel valve with a sinus that is wide and deep at the 
front and slightly elevated along the bottom by a poorly 
defined rounded rib. 

Beak of the pedicel valve rather long, incurved, and per- 
forated at the extremity by a small hole. 

Strong lines of growth cross some of the specimens. The 
collection contains 11 specimens, collected from the soft 
chert nodules of the Lower Burlington limestone at Louis- 
iana, Mo. 
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Athyris tenuilineata (nov. sp.). 

Plate V, Figs. 31, 32, 33. Dorsal, ventral and profile views of a large 
specimen, natural size. 

Shell ovoid, gibbous, with mesial fold and sinus not ap- 
parent. Brachial valve almost circular. Pedicel valve 
with an incurved, perforate beak. Both valves covered by 
fine, rather crowded lamellose. concentric lines of growth. 
Cardinal extremities rounded. 

This shell may be compared with Athyris hirsuta of high- 
er formations. 

Description made from 12 specimens, collected from the 
soft cherts of the Lower Burlington limestone at Louisiana, 
Mo. 

Atrypa gregori (nov. sp.). 

Plate V, Figs, g, 10, 11. Dorsal, ventral and profile views of a 
medium sized specimen, natural size. 

Shell ovoid, gibbous, length and breadth nearly equal. 
Brachial valve almost circular, convex. Pedicel valve con- 
vex, with an extended, slightly incurved, perforate beak. 
Neither mesial elevation nor sinus is apparent on any of 
the five specimens examined. 

Surface marked by numerous, fine radiating striae crossed 
by rather strong concentric lines of growth. 

It may be possible that an examination of the inside of 
the valves of this shell will place it in some other genus, 
but externally it is apparently very close to Atrypa. 

It is certain Prof. G. C. Swallow collected specimens of 
this shell many years ago, and likely gave it a catalogue 
name but we are not aware that he ever published a descrip- 
tion. 

Mr. D. K. Greger of Fulton, Mo., collected this fossil 
from the Hamilton beds of Callaway Co., and his collection 
contains a number of specimens. The author is indebted 
to Mr. Greger for the five specimens from which the descrip- 
tion has been made out. Specific name in honor of the col- 
lector. 

Camarotoechia eiegantula (nov. sp.). 

Plate V, Figs. 44, 45, 46, 47. Dorsal, ventral, profile and front view 
of a small specimen, natural size. 
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Shell sub-trigonal, length and width about ec^ual. Bra- 
chial valve convex with a sharply defined mesial elevation 
and four or five angular costae, either side of the elevation. 
Pedicel valve convex with a broad, rather deep mesial sinus 
and four or five sharp costas either side. Beak slender, in- 
curved. Four or five angular plications occupy both the 
sinus and the mesial fold. Indistinct lines of growth. The 
collection contains six specimens, collected from the soft 
cherts of the Lower Burlington limestone at Louisiana, Mo. 



Terebratula fabulites (nov. sp.). 

Plate V, Figs. 51, 52,53. Dorsal, ventral and profile views of the 
larger of the two types, natural size. 

Shell small, ovate, gibbous. Brachial valve convex, long 
oval in outline, crossed by distinct lines of growth. Pedicel 
valve more convex than dorsal, oblong in outline. Beak 
short, incurved, perforate. Lines of growth are the only 
visible marks upon the surface. 

Two specimens only of this elegant little Brachiopod 
have been found, both from the soft cherts of the Lower 
Burlington limestones, Louisiana, Mo. 



Centronella emaciata (nov. sp.). 

Plate V, Figs. 48, 49, 50. Dorsal, ventral and profile views of the 
larger specimen, natural size. 

Shell subrhomboidal, length greater than the width. 
Brachial valve hardly convex, with two shallow, lateral de- 
pressions near the front. Pedicel valve with shallow de- 
pressions but more pronounced than on the brachial valve, 
located laterally. Indistinct lines of growth cross the valves. 
Beak of pedicel valve long, slender and but slightly in- 
curved. Perforation at end. A smaller specimen has, from 
the middle of the brachial valve to the margin of the front 
end, a broad, shallow sinus or depression. A slight, scarcely 
perceptible lateral depression on the same valve. 

The pedicel valve is like that of the figured specimen 
except that the lateral depressions are more pronounced. 
This specimen has a sharp line of growth toward the back 
of the shell. But one other species of this genus occurs in 
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the Burlington limestone at Louisiana and that is Prof. 
Worthen's Terebratula rowleyi which is undoubtedly a Cen- 
tronella. 

Two specimens in the author's collection were found in 
the soft white cherts of the Lower Burlington limestone at 
Louisiana, Mo. 

Hustedia pygmaea (nov. sp.)- 

Plate V, Figs. 25, 26, 27. Ventral, dorsal, and profile views of the 
largest specimen yet found, natural size. 

Shell ovate, gibbous, length usually greater than the 
width. Brachial valve convex with from 12 to 14 rather 
strong rounded plications. Pedicel valve convex with a 
short, stout beak, incurved and perforate at the end. The 
same number of plications on this valve as on the pedicel. 
Lines of growth are not noticeable. The collection contains 
a dozen specimens, some of which are hardly one-sixth as 
large as the figured specimen. From the soft white cherts 
of the Lower Burlington limestone, Louisiana, Mo. 



Retzia 7 raricotta (nov. sp.). 

Plate V, Figs. 34, 35, 36, 37. Dorsal, ventral, profile and front views 
of a medium sized specimen, natural size. 

Shell sub-circular in outline, width and length equal. 
Valves rather flat, equally convex. The brachial valve has 
from seven to nine very strong rounded plications. Pedicel 
valve has from six to eight equally strong costae. This shell 
differs from typical Retzias in some respects but as nothing 
is known of the interior of the fossil it is thought best to 
leave it under Retzia for the present. It is rather rare in 
the soft cherts of the Lower Burlington limestone at Louis- 
iana. The collection contains five specimens. 



Eumetria perstrialis (nov. sp.). 

Plate V, Figs. 28, 29, 30. Dorsal, ventral and profile views of the 
only specimen yet discovered, natural size. 

Shell elongate, subtriangular in outline, strongly marked 
by a few concentric lines of growth. Length greater than 
the width, gibbous. Beak of the pedicel valve, strong, short. 
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incurved, perforate. Both valves are ornamented by numer- 
ous crowded, fine, radiating striae. 

Probably this is the earliest species of the genus, collect- 
ed from the soft chert of the Lower Burlington limestone 
at Louisiana, Mo., and in the author's collection. A much 
larger shell of the same genus, poorly preserved, but show- 
ing the spirals where a portion of the test is broken away, is 
apparently of the same species. 

The only other species described from the Burlington 
limestone, Dr. White's Acambona prima, is widely different 
from the present species. 



Grammysia 7 imbricata (nov. sp.). 

Plate V, Figs. 60, 61. Right valve toward the observer; same more 
obliquely, natural size. Fig. 62, enlarged view to show surface orna- 
mentation. 

Shell small, subovate, widest in front. Length nearly twice 
the width. Valves convex. Beak subanterior, prominent. 
Surface marked by eight or nine strong concentric terrace- 
like striae; otherwise ornamented by beautiful zig-zag lines 
that to the eye have a peculiar cloth-like texture. Of the 
four or five specimens in the collection, from the only one 
having both valves in place, unfortunately the test has been 
removed. The specimen figured is the largest one yet found, 
two others being less than half as large. Collected at Lou- 
isiana, Mo., from the soft cherts of the Lower Burlington 
limestone. 



Conocardium spinalatum (nov. sp.). 

Plate V, Figs. 54, 55, 56. Left side, cardinal and posterior views of 
the largest specimen, natural size. 

Shell, small (somewhat spirifer-form), ovate, subtrigo- 
nal ventricose. Cardinal length much greater than the dis- 
tance across the valves. Posterior more rounded than is 
usually seen in this genus. The tubular extension at the pos- 
terior end preserved a short distance but broken. When 
entire was probably of great length. Beaks posterior to the 
center, incurved. Valves marked by rather sharp radii be- 
tween which the interspaces arc marked by numerous fine 
concentric striae. The collection contains four specimens, 
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the largest of which is here figured. Collected from the soft 
cherts of the Lower Burlington limestone at Louisiana, Mo. 



Macrochilina tantilla (nov. sp.). 

Plate V, Figs. 57, 58. Views, natural size of the only two specimens 
in the collection. 

Shell turreted, elongate; length twice the width. Vol- 
utions six or more. Upper one minute. Lower one occu- 
pies more than half the height of the shell. Aperture sub- 
oval. Lines of growth indistinct. Specimens collected at 
Louisiana from the soft cherts of the Lower Burlington lime- 
stone. 

Macrochilina Iceyesi (nov.sp.). 

Plate V, Figs. 65, 66. Views of the two specimens from which the 
description is made out, natural size. 

Shell turreted, subfusiform. Length twice the diameter. 
Volutions 8 to 10, the lowest occupying more than half the 
length of the shell. Upper ones minute. Aperture not ob- 
served as both specimens lie upon that side in the matrix. 
Surface marked by fine lines of growth. The only two spec- 
imttns in the collection are imbedded upon the same small 
piece of soft white chert. Lower Burlington limestone, 
Louisiana, Mo. 

Specific name in honor of Prof. Charles R. Keyes, late of 
the Geological Survey of Iowa and late State Geologist of 
Missouri. 



Spirifer insculptus (nov. sp.). 

Plate V, Fig. i, 2, 3. Cardinal, front and side views of one of the 
types, natural size. 

The width of this shell is more than three times the 
length. About 20 plications, either side of the mesial fold. 
All simple throughout. The fold itself is rather narrow and 
but little elevated, having four or five plications 

The beak of the pedicel valve is scarcely incurved, hard- 
ly more so than that of the brachial valve. The sinus is 
narrow and not deep, with four or five plications. 

The cardinal area is a broad low triangle, the width be- 
ing about five times the height and yet it is a high area for 
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a Burlington spirifer The area is not entirely confined to 
the pedicel valve. The aperture is a high, narrow triangle. 
The cardinal extremities are almost acute. 

The plications are distinct but low and almost flat, orna- 
mented by fine, crowded cross lines, recalling the ornamen- 
tation of Spirifer pennatus (S. mucronatus of Conrad). 

This beautiful spirifer occurs sparingly at the top of the 
4th division of the Lower Burlington limestone at Louisia- 
na, Mo., associated with Agaricocrinus planoconvexus and 
Granatocrinus aplatus. 

Spirifer carinatus (nov. sp.). 

Plate V, Figs. 4 and 5. Cardinal and front views, natural size. 
Fig. 6. Brachial valve X >^. 

Length of the shell a little more than half the width. 

About 24 plications either side of the sinus and a like 
number either side of the mesial fold. 

The sinus is extravagantly excavated at the front into a 
deep V and is traversed by ten plications, some of which 
bifurcate before reaching the front. The beak of the pedi- 
cel valve incurved but not strongly. The cardinal line is 
hardly the full length of the shell. The cardinal area is 
confined to the pedicel valve, is moderately high and with 
parallel sides except near the extremities. The aperture is 
a low, broad triangle. 

The brachial valve appears much narrowerat the middle, 
from the high, keeled mesial fold. The valves are crossed 
by a few lines of growth, but are apparently without orna- 
mentation. The plications are mostly bifurcating ones and 
with a slight tendency toward grouping. 

This handsome shell comes from the fifth and top divis- 
ion of the Lower Burlington limestone at Louisiana, Mo., 
and is rather rare. 

Zaphrentis radicuia (nov. sp.). 
Plate V, Figs. 7 and 8. Side and calyx views, natural size. 
Corallum simple, irregularly turbinate, made irregular 
by constrictions in growth. 

Radicular spines over the outer surface, but irregularly 
distributed. Otherwise the surface appears without orna- 
mentation. The cup but partly free from the matrix. About 



270 The American Geologist, May, i»oo 

24 lamellae that reach the bottom of the deep cup. The 
stem-like base is flattened for attachment to some hard ob- 
ject. Rim of the calyx thin. Thi5 coral comes from the 
Lower Burlington limestone at Louisiana, Mo., in a ver>' in- 
teresting but narrow coral zone. 



Zaphrentis capuliformis (nov. sp.). 

Plate V, Figs. 67, and 68. Lateral andcalix views of one of the types, 
natural size. 

Fig. 69. Calix view of another specimen somewhat reduced, show- 
ing at the side a strong, sharp ridge. 

Fig. 70. Same specimen, side, inverted view, X >^. 
Corallum simple with an acute base, slightly curved and 
expanding rapidly to the top. The diameter of the calix is 
equal to or greater than the height of the coral itself. 

A ridge or keel extends from the point of the base to the 
calix rim and sometimes another more or less distinct one 
extends down the shorter side of the coral. Without exami- 
ning the calix, this fossil looks strongly like a Capulus shell. 
The surface is smooth, save the annulations which are 
not strong. The calix is hardly deeper than half the depth 
of the coral and has about 30 lamellae that extend to the 
large elliptical central pit at the bottom. There are two 
well developed, lateral septal gaps. The calix rim is almost 
a true circle in some specimens while in others it is a little 
elliptical. The nearest ally of this little coral is Zaphrentis 
elliptica. 

It occurs in the 5th division of the Burlington limestone 
at Louisiana, Mo. 

Cyathaxonia winchelli (nov. sp.). 

Plate V, Fig. 71. Side view of a large corallum, natural size. 
Fig. 72. A smaller specimen, side view, natural size, with a part of 
the rim broken away. 

Fig- 73. Calix view of another specimen, natural size. 

Corallum simple, small, elongate horn shape or more or 
less twisted. 

Cup deep with about 36 ill defined lamallae. A long 
needle-shaped cone arises from the middle of the bottom of 
the cup. Only edges of the lamellae are visible on the flat 
bottom of the calix. This coral is hardly acute at the base. 
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Surface with rings of growth and wrinkles as irregularities 
of growth. 

It comes from the top of the Lower Burlington limestone 
at Louisiana, Mo., associated with Zaphrentis radicula and 
other corals. 

Specific name in honor of Prof. N. H. Winchell of the 
Minnesota State University. 



Codaster (Cryptoschisma?) laviculus (Rowley). 

Fig. 74. Ventral view. of a well preserved specimen, showing the 
ambulacra and spiracles and other features. 

This species was figured and described in the Geologist 
for February. 

Notes. 

Figure i, Plate 23, Vol. IV, Missouri Geological Survey, Keyes, is 
certainly Dorycrinus mississippiensis, not D. gouldi. 

Figure 7, Plate 46, North American Crinoidea, Wachsmuth and 
Springer, Atlas, is a basal view of Batocrinus calvini not B. rotadenta- 
tus, and 6a and 6b of the same plate are ventral and lateral views of the 
type of Batocrinus rotadentatus not Lobocrinus aequibrachiatus as stat- 
ed by the author. 

Explanation of Plate. 

Spirifer insculptus (nov. sp.). 

Figs. 1,2, 3. Cardinal, front and side views of one of the types. Nat- 
ural size. 

Spirifer carinatus (nov. sp.). n'THj' NEW YORK 

Figs. 4, 5. Cardinal and front views, natural size. TU^FI/JC L18R ARY 
Fig. 6. Brachial valve, x >4. I 

Zaphrentis radicula (nov. sp.). ; „^^^^ ^^^^^ ^^^ 

Figs. 7, 8. Side and calix views, natural size. TiLP^i* FouN»ATioNa. 

AtryPa gregeri (nov. sp.). 

Figs. 9, 10, II. Brachial valve, pedicel valve and side view, natural 
size. 

Amboccelia Uvicula (nov. sp.). 

Figs. 12, 13, 14. Brachial valve, pedicel valve and profile view, nat- 
ural size. 

spirifer schucherti (nov. sp.). 

Figs. 15, 16, 17. Brachial valve, pedicel valve and cardinal view, 
natural size. 

Fig. 59. Surface enlarged to show granular character. 
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Spirtfer louisianensis (no v. sp.). 

Figs. i8, 19, 20. Brachial valve, cardinal view and pedicel valve, nat- 
ural size. 

Fig. 64. Surface enlarged. 

Seminula bisinuata (nov. sp.). 

Figs. 21, 22, 23. Brachial valve, pedicel valve and profile view of a 
large specimen, natural size. 
Fig. 24. Front view. 

Hustedia pygmcta (nov. sp.). 

Figs. 25, 26, 27. Pedicel valve, brachial valve and profile views, 
natural size. 

Eumetria perstrialis (nov. sp.). 

Figs. 28, 2Q, 30. Brachial valve, pedicel valve, profile view, natural 
size. *t. 

Athyris tenuilineata (nov. sp.). 

Figs. 31, 32, 33. Brachial valve, pedicel valve, profile view, natural 
size. 

Retzia f raricosta (nov. sp.). 

Figs. 34, 35, 36, 37. Brachial valve, pedicel valve, profile and front 
views, natural size. 

NucUospira obesa (nov. sp.). 

Figs. 38, 39, 40. Brachial valve, pedicel valve and profile view, nat- 
ural size. . 

Rhipidomella diminutiva (nov. sp.). 

Figs. 41, 42, 43. Brachial valve, cardinal view, pedicel valve, nat- 
ural size. 

Camarotctchia eUgantula (nov. sp.). 

Figs. 44, 45, 46, 47. Brachial valve, pedicel valve, profile and front 
views, natural size. 

Centronella emaciata (nov. sp.). 

Figs. 48, 49, 50. Brachial valve, pedicel valve, profile views, natural 
size. 

Terebratula fabulites (nov. sp.). 

Figs. 51, 52, 53. Brachial valve, pedicel valve, profile view, natural 
size. 

Conocardium spinulatum (nov. sp.). 

Figs. 54, 55, 56. Left side, cardinal and side view, natural size. 

Fig. 63. Surface enlarged. 

Macrochilina tantilla (nov. sp.). 

Figs. 57, 58. Lateral views of two different specimens, natural size. 

Grammysia imbricata (nov. sp.). 

Figs. 60, 61, 62. Right valve, two views. Enlarged surface. 
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Machrochilina keyesi (nov. sp.). 

Figs. 65, 66. Lateral views of two different specimens, natural size. 

Zapkrentis capuliformis (nov. sp.). 

Figs. 67, 68. Lateral and calix views of one of the types. 

Fig. 69. Calix view of another specimen. 

Fig. 70. Same specimen as Fig. 69, side inverted view, X >^. 

Cyathaxonia winchelli (nov. sp.). 
Fig. 71. Side view of a large specimen, natural size. 
Fig. 72. A smaller specimen, side view, natural size, 
f^ig* 73» Calix view, natural size. 
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Description of the Area. 

The city of Minneapolis, mapped on plate VI, occupies 
an area" of 53 square miles, very nearly, in the east part of 
Hennepin county. This area, reaching ten miles from north to 
south, with a maximum width of a little more than six miles, 
is intersected by the Mississippi river, and includes about \2 
square miles on the east side, which is the only part of Henne- 
pin county east of the river. On the southeast, for about three 
miles, this river is the city boundary; and above Minneapolis 
it is the county boundary-. 

Near the center of the city are the falls of St. Anthony, 
which, before the building of dams for the use of water power, 
were the only cataract or perpendicular plunge of the Mississ- 
ippi river in its entire course. The precipitous fall was about 
16 feet, and within the next mile there is a descent of 60 feet by 
rapids. From the still water above the dam to the southeast 
corner of the city area, the river falls 100 feet, from 800 to 700 
feet, approximately, above the sea level. 

The greater part of the city area consists of gently inclined 
and somewhat undulating plains of gravel and sand, modified 
drift discharged from the melting ice-sheet during the retreat 
of its border upon this district. Their elevation ranges from 
about 825 feet to 915 feet; and their slopes and altitudes show 
a close dependence on the supply of drift borne by glacial riv- 
ers from the departing icefields. It was at first my expecta- 
tion that the highest parts of these modified drift plains would 
be found to give evidence of the westward extension of the 
glacial lake Hamline,* to include a part or all of Minneapolis; 
but instead these plains were formed by fluvial deposition, 
which, however, was not related directly to the Mississippi 
valley, excepting perhaps in the northwest part of the city. The 
highest plain deposit adjoins the south side of the LowTy hill 
esker, and similar plains have a gradual descent of about 90 
feet in six miles thence southeastw^ard to the vicinity of Min- 
nehaha falls, beyond which in the next two miles to Fort 
Snelling. is a further descent of the same plain deposits 25 or 

* Described by my former paper, "Modified Drift in St. Paul, Minne- 
sota," in the Bulletin G. S. A., vol. viii, pp. 183-196, with map, publish- 
ed February T], 1897. 
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30 feet more. Their average slope for this distance of eight 
miles is thus about 15 feet to a mile. 

Associated with the modified drift deposits of plains, low 
plateaus, and esker ridges and hills, are numerous beautiful 
lakes, of which several are wholly or partly owned by the city, 
being included in its magnificent system of parks and boule- 
vards extending along the lake shores. 

Tracts of till reach into the city limits both east and west 
of the river. On the east the till presents the very irregularly 
hilly contour characteristic of marginal moraines, diversified 
by bowl-like hollows which contain sloughs, small peat bogs, 
and lakes. This eastern moraine has the highest land of the 
city area, about 975 feet above the sea, in its northeast corner ; 
and slightly more than a mile farther north, near the city res- 
ervoir, the morainic hills rise a hundred feet higher. The mo- 
raine probably owes its altitude partly to prominence of tht 
underlying rock strata; but in general the surface of the city, 
excepting the postglacial gorge of the Mississippi below the 
falls of St. Anthony, was shaped by the conditions of deposi- 
tion of the glacial and modified drift. 

Table op Elevations. 
The following elevations are noted in feet above mean 
tide sea level. They are derived from my former tabulation,* 
and from George W. Cooley, county surveyor, and Ellis R. 
Dutton, assistant city engineer. 
Mississippi river at the m^uth of Rum river, Anoka, 15 miles 

above Minneapolis 825 

At mouth of Rice creek, Fridley 800 

Crest of St. Anthony's Falls, ordinary and highest stages. . .796-802 

Under the stone arch railway bridge, low water 739-743 

At the lower end of Hennepin island 738 

At the St. Paul and Northern Pacific Railroad bridge, one 

mile below the falls 720 

At the Chicago, Milwaukee and St. Paul Railway bridge, low 

and high wateV 70Q-724 

At the Fort Snelling bridge 6go 

Mouth of Minnesota river, extreme low and high water 688-710 

At St. Paul, low and high water 683-702 

At the mouth of the St. Croix river 667-687 

Lake Pepin, low and high water 664-681 

♦Altitudes between Lake Superior and the Rocky Mountains, Bulle- 
tin 72 of the U. S. Geol. Survey, 1891, pp. 150, 183, etc. 
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Lake Minnetonka, extreme low and high water 926-<)32 

Its average water level during 1885, 930; during 1898 929 

This lake, outflowing, except in very dry seasons, by Minnehaha 
creek, has an area of 25 square miles, and a watershed (including the 
lake) of 115 square miles. Its average depth, according to Mr. Cooley's 
soundings, is about 30 feet, and its greatest depth 100 feet. 
Minnehaha creek in the southwest part of Minneapolis, at Hum- 
boldt avenue, close below the mouth of the tributary from lake 

Harriet 840 

At Rice lake 812 

At Minnehaha avenue 802 

At Minnehaha falls, crest and foot 796-742 

Confluence with the Mississippi, low and high water 695-715 

Chain of lakes tributary to Minnehaha creek from the north: 

Cedar lake (without visible outflow) 857 

Lake of the Isles 853 

Lake Calhoun (also recently called lake Mendoza) 852 

Bass lake, tributary from the west 878 

Lake Harriet 845 

Lakes tributary to Minnehaha creek from the south: 

Pearl lake 822 

Diamond lake, about 820 

Mother lake (veryshallow, drying almost entirely in 1898), about 816 

Lake Amelia 813 

Powder Horn lake, about 825 

Lake in Loring park, about 820 

Keegan's lake, on Bassett creek 815 

Crystal lake 85 1 

Twin lakes, tributary to Shingle creek 85 1 

Sandy lake, shallow, in Columbia park 842 

Silver lake 930 

Water works reservoir, road and top of stone coping, 1026; usual 

water level 1023 

Hills of marginal moraine close east of the reservoir, about 1075 

In northeast corner of city area, about 975 

In Prospect Park, about 950 

Hill of till % mile north of Farview park, about 930 

Highest points of the Lowry hill esker series 940-900 

H ighest hills of the Lake Harriet esker series, about 940 

Union railway station 810 

Chicago, Milwaukee and St. Paul railway station 826 

Ground at State University buildings , 830-840 

Zero of city system of leveling 708.64 

Rock Formations under the Drift. 

The falls of St. Anthony and of Minnehaha are formed by 
the hard and durable Trenton limestone, underlain by the soft 
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and easily eroded St. Peter sandstone. These formations, with 
some part of the overlying Trenton shales, are the bed rocks 
next beneath the drift on all the city area. Their only natural 
exposures, however, are in the Mississippi gorge from the 
southeast corner of the city to St. Anthony's falls, and for a 
short distance above the falls; in the short Minnehaha gorge; 
on Shingle creek (the St. Peter sandstone), a quarter of a mile 
from its mouth ; and beside Washington avenue, within a mile 
south of this creek (quarries of the Trenton limestone). Prof. 
X. H. WincheU, the state geologist, has fully described these 
formations in his reports of Hennepin county.* 

Besides several shallow artesian wells, obtaining water 
from layers of the drift, along the northern base of the uneven 
esker ridge which includes Lowry hill, deep borings for arte- 
sian water have been made at several places in Minneapolis, 
to a maximum depth, in Lake wood cemetery, of 2,150 feet 
from the surface, pentrating 1,250 feet beneath the level of 
the sea. In the records of these deep wells, with aid from 
studies by Prof. Winchellfand Prof. C. W. Hall, J I recognize 
the following series of Lower Silurian and Cambrian forma- 
tions, in their descending stratigraphic order: 

Feet 

Trenton limestone, about 30 

St. Peter sandstone 164-168 

Shakopee limestone, dolomitic 101-133 

Jordan sandstone 96-1 16 

St. Lawrence limestone and shales 128-^00 

Dresbach sandstone 82-86 

St. Croix lower shales and limestone '55-179 

St. Croix lower sandstone 188-217 

Potsdam red shales and sandstone 1027 

At the base of the lowest of these formations, Hall states 

♦Geol. and Nat. Hist. Survey of Minnesota, Fifth Annual Report, 
for 1876, pp. 162-219, with two maps and a section; Final Report, vol. 
ii. 1888, pp. 264-344, with a map ot the county, and 15 plates (maps and 
views) illustrating the recession of the falls of St. Anthony, and seven 
sections figured m the text. 

^Reports cited; also. Tenth Ann. Rep., for 1881, pp. 211-217; Thir- 
teenth Ann. Rep.,fori884, pp. 50-54; and Fourteenth Ann. Rep., for 1885, 
pp. II, 12. 

JBulletinof the Minnesota Academy of Natural Sciences, vol. iii, pp. 
128-143, with a plate (twelve sections from well records, and a general 
section from St. Cloud to the southeast corner of Minnesota), read Nov. 
3, 1885, published in 1889. 
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that Archean granite or schist was reached by the Lakewood 
well, 1,250 feet below the sea level. 

The Shakopee (also called the Lower Magnesian) lime- 
stone includes, in its middle part, the New Richmond sand- 
stone, of variable thickness, up to 40 feet noted by Hall in the 
Lakewood record; but in some sections the New Richmond 
horizon is so dolomitic as to be scarcely discriminated. 

The Jordan, St. Lawrence, Dresbach, and St. Croix forma- 
tions together constitute the St. Croix series, as defined and 
named by Winchell in his first annual report of the Minneso- 
ta survey in 1872. 

Interolacial and PosTaLACiAL River Erosion. 

Before the Glacial period, and indeed until its Buchanan 
interglacial stage, marked by a great retreat of the ice-sheet 
succeeding its Kansan maximum advance, the area of Minne- 
apolis appears to have had no deep stream course eroded in its 
somewhat uniform expanse of the Trenton limestone and 
shales. During the long interval between the Kansan and 
lowan stages of snow and ice accumulation and extension, the 
Mississippi river, as shown by Prof. N. H. Winchell,* crossed 
the city area from north to south, cutting through the Trenton 
limestone and deeply into the St. Peter sandstone. The inter- 
glacial Mississippi, according to this view, coincided with the 
present river above Bassett creek, but passed from the mouth 
of this creek southwestward along the chain of lakes compris- 
ing the Lake of the Isles, lakes Calhoun and Harriet, and 
Gr?ss and Wood lakes, to a junction with the Minnesota val- 
ley near the mouth of Nine Mile creek, which is so named 
to note its distance from Fort Snelling, at the mouth of the 
Minnesota river. In this interglacial gorge, now filled with 
drift but still indicated by the hollows of the lake series, the 
deep well of Lakewood cemetery, went 256 feet in drift before 
entering the bed rock, showing that the river erosion there re- 
moved the Trenton beds and about 120 feet of the St. Peter 
formation. 

*"An Approximate Interglacial Chronometer/* Am. Geologist, vol. 
X, pp. 69-80, with map and sections, August, 1892, estimating the inter- 
glacial stage as 9,750 years; which is corrected to about 15,000 years in 
the same volume, p. 302, Nov., 1892. 
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The preglacial course of the Mississippi is thought by Win- 
chell* to have reached from near the mouth of Rice creek, 
above Minneapolis, southeasterly by Long lake and lakes 
Johanna and Josephine to McCarron lake and the most north- 
ern part of the bend of the present Mississippi in St. Paul. 
From that channel, now deeply enveloped by drift, Winchell 
thinks the river to have been turned when the country was 
uncovered from the Kansan glaciation, taking then its inter- 
glacial course through Minneapolis. Later, with the uncover- 
ing of the land after the lowan and Wisconsin stages of gla- 
ciation, the river again took a new course, as at present, across 
this city area.t During interglacial as well as postglacial time, 
its waterfall descending from the hard Trenton limestone 
gradually cut a gorge backward, from south to north; and 
from the lengths of these gorges, in comparison with the re- 
cent rate of retreat of St. Anthony's falls, Prof. Winchell es- 
timates the interglacial stage here to have measured about 15,- 
000 years, and the postglacial period about 8,000 years. 

Another interesting study of postglacial gorge erosion 
within the limits of Minneapolis is by Dr. U. S. Grant,t relat- 
ing to the channel of Minnehaha creek below its falls, and 
especially to a deserted gorge and former waterfall of a part of 
the Mississippi river, flowing west of a higher tract which was 
an island, immediately north of the mouth of this creek. The 
southern part of the old island is the site of the Minnesota Sol- 
diers' Home; and the deserted river course and gorge are 
noteworthy features of Minnehaha park. 

Glacial Stride. 

The directions of the latest glaciation upon the Trenton 
limestone in Minneapolis, as noted from striae in several locali- 
ties by Prof. Winchell, Prof. C. L. Herrick, and the present 
writer, are as follows, with reference to the astronomic meri- 
dian. 
At forrasr quarry on west side of the river, close south of the 

falls of St. Anthony S. S. E. 

♦Paper last cited. 

fN. H. Winchell, reports on Hennepin county, before cited; Quart. 
Tour. Geol. Soc, London, vol. xxxiv, 1878, pp. 886-901, with plan ot the 
Mississippi river at St. Anthony's falls. 

JAM. Geologist, vol. vi, pp. 1-6, with map and sections, July, 1890. 
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The till there lying on the rock was of an olive-gray color, being 
probably of northwestern origin. 

On Hennepin island, above the paper mill S . 22^ E . 

On Nicollet island *. S. s"" E. 

West of the river, nearly opposite to the University, observed 
by Herrick on an exposed surface of about 100 feet by 40 

feet, mostly S. 15** E.; 

intersected by other striae bearing S . 28** E . 

On Central avenue, east of the river, at the corner of Second 
street, many directions, confused; with one exceptionally 

deep groove bearing S . 1 5® E . 

The rock at this place was covered by a compact red till, of north- 
eastern origin, brought from the region of Lake Superior. 

In an excavation for the old city market, at the comer of Washing- 
ton avenue and Second street, the bed rock was '^promiscuously 
scratched, with no prevalent direction discernible.*' 

Chanoes op Glacial Currents. 

As the striation noted in St. Paul, in my paper already 
cited, records the latest general course of ice movement, and 
even its final deflection and almost reversal toward the open 
area of lake Hamline, so these striae of Minneapolis record not 
the early and principal course of glaciation here, but a later 
current of this part of the ice-sheet. During the culmination 
of the lowan and Wisconsin glaciation, its direction here was 
from northeast to southwest, as is known by the fact that the 
transportation of the lower and greater part of the till was from 
the northeast. Afterward a relatively larger snowfall on the 
west than on the east changed the currents of the ice-sheet on 
this area and on a large district stretching thence many miles 
north and northeast, to the Snake and St. Croix rivers, bring- 
ing bluish gray drift from the northwest to overlap the red- 
dish drift from the northeast.* 

The Minneapolis striae all belong to the later direction of 
glaciation; or, where many courses of striation occur on the 
same surface, they testify of confused and varying motions ad- 
joining the irregularly and varyingly indented and crenate 
margin of the waning ice-sheet, fast melting away in the sum- 
mers, but doubtless sometimes readvancing slightly in the 

*Proc. A. A. A. S., vol. xxxii, for 1883, pp. 231-234; Bulletin of the 
Minnesota Academy of Natural .Sciences, vol. iii, pp. 51-56, read May 
8, 1883, published 1889; Geol. and Nat. Hist. Survey of Minnesota, vol. 
ii, 1888, pp. 40Q-415, 622, 625,642, etc. 
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winters. They demonstrate that when they were engraved on 
the rock, near the time of departure of the ice-sheet, its drift 
above the localities bearing these striae was wholly englacial. 
No drift had there been deposited under the ice to shield the 
rock from continued abrasion, which effaced the older striae of 
earlier movements from the northeast. 

The Glacial Lake Hamlike. 

Three years ago, in my examination "of thflt modified drift 
plateaus of St. Paul, high above the river valley drift, they were 
identified as the deposits of a glacial lake, whic^ \k named for 
Hamline, in the western part of the St. Paul city area, situated 
on the earliest and largest of these plains and plateaus.* Lake 
Han^Jine grew to be, in its later and maximum extent, about 
ten miles long and six miles wide, covering more than half the 
area of St. Paul. It was bounded on the east and west by still 
unmelted tracts of the departing ice-sheet, at whose borders 
typical marginal moraines were formed, pdssirtg through the 
eastern and western parts of St. Paul, in each case crossing 
the Mississippi river valley. The western one of these mo- 
raines, well developed in St. Anthony Park, also lies partly 
within the east and northeast limits of Minneapolis, having a 
width of one and a half to two miles, including both sides of 
the interurban boundary ; and northward, in the neighborhood 
of the Minneapolis city reservoir, it increases in hight and 
expands to a width of about three miles. 

Knowing that some of the plains of gravel and sand in 
southwestern Minneapolis have as great altitude as the Sum- 
mit Avenue plateau and other late deposits of lake Hamline 
in St. Paul, I conjectured that the glacial lake might have 
reached also across Minneapolis, with the retreat of the ice- 
fields on that side, before their melting on the southeast laid 
open the Mississippi valley below St. Paul, thus draining the 
lake away. It is now ascertained, however, as before noted, 
that the modified drift of Minneapolis shows no dependence on 
lacustrine conditions. It is wholly explainable by fluvial ac- 
tion, while the ice border withdrew. We have no records of 
lake Hamline outside the area inclosed by the east and west 
moraines of St. Paul. When the modified drift in Minneapo- 

♦Bulletin G. S. A., vol. viii, pp. 183-196, with map. 
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lis was deposited, the short existence of the glacial lake had 
ended, and drainage passed unobstructed along the great val- 
ley. 

Departurr of the Ice-Sheet from this Area. 

% 

In the culmination of the lowan and Wisconsin glaciation, 
the part of the ice-sheet that flowed southwe$tward from north- 
ern Wisconsin and the basin of lake Superior extended across 
Minneapolis to lake Minnetonka, covering the eastern parts 
of Hennepin and Wright counties, as is known by the occur- 
rence of the red northeastern drift to such limits under the 
gray northwestern drift. Along a belt traceable from lake 
Minnetonka northwest and north, theicc flow from the north- 
east was confluent with the part of the ice-sheet moving south- 
easterly from Manitoba and western Minnesota. Toward this 
belt the surface of the icefields descended from each side. But 
near the end of the Glacial period, the belt of glacial con- 
fluence, toward which the ice surface declined, was trans- 
ferred a considerable distance eastward, to the tract which in 
the progress of the glacial melting became the site of lake 
Hamline in St. Paul. 

This change of the ice currents I attribute chiefly to the 
eastwardly passing storms, which brought rain and promoted 
melting on the southwestern border of the ice-sheet, but far- 
ther uoon its high and broad expanse gave only snowfall. 
While the western border of the waning ice-fields in South 
Dakota, on the latitude of Minneapolis, was melting back, nar- 
rowing the region of snow and ice to be crossed by storms be- 
fore reaching this locality, the area of their principal snowfall 
moved pro|>ortionally eastward, pushing back the bdt of con- 
fluence. 

In the vicinity of these Twin Cities of Minnesota, the ice- 
sheet was first melted through at a great reentrant angle or 
sinus, occupied by lake Hamline. Thence the ice west of this 
lake area, terminating with an irregularly retreating boundary 
of general north to south course, withdrew across the site of 
Minneapolis; and the drainage from the melting ice surface, 
covered by drift which had been englacial, yielded the sand 
and gravel plains and esker hills. 



Drift ifi Minneapolis, Minn. — Upham, 283 

BSLATIONS OF THE NoRTHEASTEBN AMD NORTHWESTERN DrIFT. 

To give a vivid impression of the complexity of the over- 
lapping and variously interstratified and mingled till or boul- 
der-clay deposits and associated modified drift of this area, I 
cannot do better than to quote from Prof. N. H. Winchell in 
his final report on Hennepin county, as follows: 

The origination and transport of the two tills may be considered prac- 
tically contemporary, as a totality, and due to the same general agent. 
Moreover, the gray till is not always found overlying the red. The two 
sometimes are mingled, and their color and composition, so far as they 
are characteristic of either, are lost. Sometimes several thin beds of 
gray till, somewhat modified by water, are seen to alternate with as many 
of the red. Sometimes patches of the gray are thrust over on to the gen- 
eral area of the red, isolated from the main mass of the gray But 

a single instance is known of the gray till underlying the red. 

Professor Winchell figures seven sections of the drift in 
Minneapolis, one being wholly modified drift. In the six sec- 
tions showing till, its predominant or only deposits are red, 
brought from the northeast, overlain by modified drift, or, in 
two places, by yellowish and gray till. In two places, red sand 
and gravel, lying next above the red till, are succeeded higher 
in the section by yellowish till, this color being due to a change 
from its original gray by peroxidation of its iron ingredient. 

The reddish till and modified drift owe their color to the 
fully oxidized iron of the red shales and sandstones of the 
Potsdam and Keweenawan formations in the region of lake 
Superior, which largely contributed, under glacial erosion, to 
the northeastern drift sheet. The boulders and gravel of this 
drift represent both the sedimentary and igneous rocks of 
northern Wisconsin and northeastern Minnesota ; but they in- 
clude no limestone, this rock being absent from the country 
whence the red drift was derived. In Minneapolis, however, 
occasionally blocks of limestone, derived from the northwest, 
are found in the red till, betokening some englacial intermix- 
ture of the two kinds of drift along the belt of confluent ice 
currents. 

The gray till, bluish at considerable depths, but weathere/1 
yellowish near the surface, contains a large proportion of clay 
and usually some small gravel of shale from erosion of Creta- 
ceous shales, and many boulders and smaller fragments of 
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limestone, these characteristic components being derived from 
the bed rock formations of western Minnesota and Manitoba. 
Gravel cobbles and pebbles from the drift brought in each 
of the confluent parts of the ice-sheet occur together m most of 
the modified drift deposits of Minneapolis; but where they 
closely overlie the red till and are colored nearly like it, the 
pebbles are predominantly of northeastern derivation, with 
little or no limestone. 

SECTIONS SHOWN BY STREET AND RAILWAY GRADING. 

During last year, in my excursions for mapping the Min- 
neapolis drift formations, numerous sections showing the com- 
plicated relationship of the northeastern and northwestern 
drift were observed where excavations for streets and rail- 
ways have been recently made. Ten of these sections are de- 
lineated on plate VII. One of the two described first is drawn 
as seen on the north side of a street cutting, and the other 
(reversed to correspond with the preceding) is from its view 
on the south side of the same excavation, these two sections 
being parallel and only 30 to 40 feet apart. Nowhere else dur- 
ing my field work, either in New England or in the North- 
west, have I seen so remarkable sections as some of these, or 
found it so difficult to study out an explanation of the condi- 
tions of the drift transportation and deposition. 

On Superior avenue. Very interesting sections were noted 
near the west limit of the city, on Superior avenue, which runs 
from east to west, passing a quarter of a mile north of Cedar 
lake. Sections i and 2 are on this street, almost due north of 
the center of that lake, being close northeast of the smaller 
Brownie lake. These sections, about 500 feet long and 30 feet 
high, shown respectively on the north and south sides of the 
same cutting, consist almost entirely of till. It is yellowish 
gray above in the east part of the sections to a depth of 3 to 
15 feet. An irregularly undulating and partly angular line of 
division, distinct along all its extent of more than 200 feet, sep- 
arates this yellow till, of northwestern origin, from red north- 
eastern till which forms all the section below, having an ob- 
scure lamination, such as is generally observable in the very 
typical till of New England drumlins. The lamination here, 
as there, is curved in parallelism with the upper limit of the 
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deposit; but here it also often displays much contortion. The 
whole hill, indeed, through which the street is cut, was evi- 
dently subjected to much compression, crumpling, and over- 
thrusting, when its materials were amassed. 

In the central part of section i, beneath the western end 
of the superficial yellow till, at depths of 5 to 15 feet below the 
surface, the red till incloses two shreds of yellow till, i to 2 
feet thick and lo to 15 feet long, running crookedly in an al- 
most vertical general direction. A few feet from these and a 
little lower, within a fold of the red till, is inclosed a prolonged 
pocket of red sand and gravel, extending about 20 feet with a 
maximum thickness of 4 feet, changing downward gradually 
into till. 

The west half of these sections is nearly all red till, but it 
incloses, 5 to 20 feet below the surface, a contorted and faulted 
layer of yellow till, or in part of yellow gravel, sand, and fine 
silt, from i^'S to 5 feet thick and extending about 250 feet. In 
one place, instead of continuing as a layer, this yellow till 
forms a definitely bounded nearly round mass, 10 or 12 feet in 
diameter. Again, near the bottom of this west part, about 20 
feet below the surface and 5 to 10 feet under the layer already 
described, is another and thinner layer of such yellow till, 6 to 
15 inches thick, extending 125 feet or more, very clayey and 
clearly laminated, but containing stones up to six inches in 
diameter. This layer also is contorted and cut by faults, one of 
which has a downthrow of 3 feet to the west. 

How we should account for the intercalation of the thin 
yellow till layers in the red till, which there reaches up quite to 
the surface, is a most difficult problem. It seems to me prob- 
able that wavering of the belt of confluence between the ice 
flowing from the northeast and that from the northwest, one 
side repeatedly pushing back the other in alternation with be- 
ing itself similarly displaced, may best supply the clue for the 
interpretation *of the history of these sections. The w^hole de- 
posit, in all its complications, I believe to have existed as en- 
glacial and finally superglacial drift, being amassed somewhat 
as I would explain the accumulation of drumlins, and falling 
together and settling to the subglacial ground while the ice- 
sheet at this place was being melted above and beneath its in- 
closed drift. 
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About a third of a mile farther west, beyond the hollow of 
Brownie lake, Superior avenue again cuts into a massive hill, 
the excavation on its highest southern side being about 600 
feet long and 30 feet high. Section 3 of plate VI I shows gray 
till here 4 to 20 feet deep, underlain to the base of the cutting 
by sand and gravel. All the surface is formed of till, and its 
depth is greatest in the central part of the excavation. The 
lower limit of the till is clearly defined, there being no inter- 
stratification with the modified drift. During the final melting 
of the ice, its streams, probably flowing down from the surface 
through a crevasse or moulin, deposited the modified drift, and 
this became enveloped by till. The conditions were apparent- 
ly in some degree analogous with the formation of certain 
drumlins in Madison, Wis., and elsewhere, which contain 
modified drift as a nucleus, covered by till.* 

These sections lie directly in the line that would be the 
western continuation of the Lowry hill esker series. That 
gravel and sand deposit terminates north of Cedar lake b> 
abutting against a marginal moraine which includes the hills 
cut by Superior avenue and thence extends north\yard past 
Keegan and Sweeney lakes, with numerous massive and high 
hills, 900 to 975 feet above the sea. 

On Western avenue. Three-fourths of a mile north- 
northeast from the sections noted on Superior avenue, some- 
what similar sections were observed on Western avenue, 
which likewise runs from east to west. Section 4 of plate 
VII is the cut made by this avenue close west of the inter- 
section of Russell avenue. It was observed on the higher 
south side of the cut, and is reversed in drawing to corre- 
spond with sections i and 2. The length is about 400 feet, 
and the hight 25 feet. Red till forms all the upper part, to a 
maximum depth of nearly 20 feet, having the obscurely lamin- 
ated or foliated structure before noted, although it is an indis- 
criminate mixture of clay, sand, gravel and boulders, a typical 
till. Near the center of the section, it includes a shred of yel- 
low till, a foot thick and six feet long. In the lower part of 
the section, along all its length, the red till is underlain by a 
layer of yellow till, 2 to 6 feet thick, partly contorted, bounded 

♦Am. Geologist, vol. xiv. pp. 69 83, with maps and sections> A'ug., 

1894. 
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above and below at irregular but well defined lines ; and be- 
neath this the base of the whole section is again reddish till. 
The two kinds of till are plainly distinct and unmixed, except- 
ing for an extent of about 50 feet on the upper boundary of 
the yellow till near the deepest part of the excavation. In 
the yellow till limestone fragments are frequent, but in the red 
till they are wanting or very rare. 

A few hundred feet westward, just after crossing Bassett 
. creek, Western avenue makes a longer but lower cut, extend- 
ing 600 feet, with a depth of 8 to 12 feet, shown in section 5 as 
seen on the north side of the avenue. Yellowish gray till forms 
the greater part of the surface, and has mainly a thickness of, 
5 to 8 feet. It is underlain by stratified sand and fine gravel, 
w^hich also in part forms the surface, reaching thence down 12 
feet and contimuing below the base of the section. The till 
rests conformably on the modified drift, which has an inclined 
but undisturbed bedding at the east, whereas westward it is 
wrinkled and contorted, with an uneven upper line. In the 
modified drift is much limestone gravel, the largest pebbles be- 
ing two inches in diameter. 

For these sections I would give the same explanations as 
for those of Superior avenue, with which they afford a most 
instructive correlation. 

On Penn avenue {Twenty-second street), A half mile 
north-northeast from the Western avenue sections, a cut 300 
feet long and lo feet deep, on the north side of Griswold 
(Tenth) avenue, between Twenty-first and Twenty-second 
streets (Oliver and Penn avenues), was noted as in section 6, 
plate VII. Yellow till, containing plentiful limestone gravel, 
forms the surface and is 3 to 5 feet thick, succeeded, at a some- 
what irregular lower limit, by red till, which extends below the 
bottom of the section. There was no intermingling of the two 
till deposits. 

The next section observed was a quarter of a mile farther 
north, at the northwest corner of Plymouth and Penn avenues, 
where a cut 300 feet long and 5 to 8 feet deep showed much in- 
ter stratification, confused and contorted, of the yellowish gray 
and the red till, in layers and streaks sometimes no more than 
I to 3 inches thick, with distinctly contrasted coloration. Much 
limestone gravel was noted in the yellow till, but none in the 
red. 
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Another quarter of a mile forward, a cut was noted on the 
east side of Penn avenue, between Sixteenth and Seventeenth 
avenues north, as in section 7. Its length was 250 feet, with a 
height of 15 feet. Yellow till, 3 to 6 feet thick, forms the sur- 
face and lies on a very thin, but continuous layer of red till, i 
to I >< feet thick, which curves in parallelism with the smooth- 
ly rounded surface. Under this layer is a similar layer of yel- 
low till, also a foot thick, or slightly more; and this, at its 
gracefully curved lower limit, is underlain by red till, which 
forms all the lower nucleal part of the cut, seen to the thick- 
ness of 8 feet and continuing below. The tenuity, distinct- 
ness, and persistence of these bands of till of diverse origin are 
very noteworthy. They seem explainable by wavering of con- 
fluent ice currents, the drift having been englacial, like the 
somewhat similar but much disturbed deposits of sections i, 
2 and 4. 

Between 300 and 600 feet north of the last, a second cut 
(section 8, plate VI I), on the east side of this avenue, near 
Eighteenth avenue north, showed in part nearly the same thin 
interbanding of red and yellow till, the thickness of each of the 
attenuated layers varying from i to 2 feet. There is less su- 
perficial yellow till than in section 7; it is bounded beneath, as 
in that section, by a line nearly parallel with the rounded sur- 
face; and the main lower mass of the excavation consists 
wholly of red till. 

About a half mile thence north, a cutting between Twenty- 
sixth and Twenty-seventh avenues, 6 to 8 feet deep, is all yel- 
lowish gray till. 

Southwest of Crystal lake. A mile and a half northwest 
from the last, on the Great Northern railway two-thirds of a 
mile southeast of Robbinsdale station and about half as far 
from Crystal lake, a cutting of till 600 feet long and about 15 
feet deep is chiefly yellow or gray till, as shown in section 9, 
plate VII, with a nucleal deposit of red till, 12 feet thick and 
continuing lower. 

On the New Brighton road. The marginal moraine belt 
east of Minneapolis, lying partly in this city and partly in St. 
Paul, presents very interesting sections of complex glacial 
and modified drift deposits, the red drift being commonly over- 
lain thinly by the yellowish gray drift. One of the more simple 
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sections at the western border of the moraine, on the New 
Brighton road close west of the Hillside cemetery, is illus- 
trated by section 10, plate VII . This excavation varies from 
6 to 12 feet in depth, and along its extent of about 350 feet it 
has continuously 3 to 7 feet of yellow till, underlain, at an un- 
dulating line of division which is not parallel with the surface, 
by red till of greater depth than the cut. Here no interband- 
ing or mingling of the two formations is discernible. 

Eyidrncbs of Rnolacial Transportation of the Drift. 

With what has been said in the discussion of the changes 
of the glacial currents on this area, and in the foregoing ex- 
planations of the interstratification of red and yellow or gray 
till, it seems sufficient here to direct attention explicitly to my 
belief that the drift described in this paper was chiefly con- 
tained within the lower part of the slowly moving ice-sheet, 
oscillating on this area with unsteady movements near the 
close of the Ice age; and that it finally became in large amount 
superglacial by the surface melting or ablation. This view will 
also be shown to be supported by the morain? belts and by 
the modified drift, which to my mind, indeed, seem hardly pos- 
sible to be accounted for by any theory of mainly subglacial 
drift transportation and deposition. 

Till and Marginal Moraines. 

In the north part of Minneapolis, tracts of till extending 
into the city area from the east and west approach within less 
than a mile of each other, the intervening space being occu- 
pied by modified drift. For many miles northward, and also 
south to Fort Snelling, the Mississippi river is bordered by 
wider areas of modified drift, nearly everywhere underlain, 
doubtless, by a deposit of till. Adjoining the bluffs of the 
river gorge, the till has generally a thickness of 10 to 20 feet 
above the Trenton limestone and shales. It was in some 
places bared along these bluffs, as west of the Franklin avenue 
bridge, by the river's washing away the thin sand and gravel 
before the gorge was eroded by the receding waterfall. 

Nearly all of the Minneapolis till area east of the river has 
abundant hills, knolls and short ridges with no predominant 
trends, the contour being that familiar to glacialists as charac- 
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teristic of marginal moraines. North and northwest of Sandy 
lake, and within the city limits west of the river, the till is less 
brokenly hilly, has mostly longer and smoother slopes, and is 
in part only moderately undulating. In the tract including the 
sections noted on Western and Penn avenues, its undulations 
seldom exceed 15 or 20 feet for the altitude of their crests 
above the neighboring hollows, which often hold sloughs or 
lakelets. 

MORAINE OF THE RESERVOIR, SILVER LAKE, AND ST. ANTHONT PARK. 

The southward continuation of this eastern moraine of 
Minneapolis is shown by my map in the paper before noted on 
the modified drift of St. Paul, and it is traced farther in the 
text of that paper as passing in western Dakota county to 
Rosemount. Its develophient in Prospect Park, one to two 
miles southeast of the State University, and thence north 
through St. Anthony Park and past the west border of the Ag- 
ricultural College farm, to Silver lake and the city reservoir, is 
admirable, with far reaching views from its hilltops. Farther 
north it sinks beneath the flat or undulating modified drift of 
Anoka county. This moraine was accumulated on the east 
boundary of icefields which adjoined lake Hamline ; and it was 
contemporaneous with another typical morainic belt which ex- 
tends from south to north through the east part of St. Paul, 
amassed on the east side of the same glacial lake. Probably 
the high drift hills of Mounds View township, the most north- 
western of Ramsey county, a few miles northeast of this reser- 
voir, were formed also at this time, being connected by looped 
morainic tracts with each of these belts on the opposite sides of 
lake Hamline; and it is to be added that the Mounds View 
hills, like those of the reservoir and Silver lake, consist chiefly 
of red till, more or less veneered by yellowish and gray till. 

MORAINES WEST OF MINNEAPOLIS. 

The westwardly retreating icefields of this area next amass- 
ed marginal hills in a south to north belt beginning w^est of 
Cedar lake and stretching north to Crystal lake and thence 
west and north through the western part of Crystal Lake town- 
ship. The accumulation of the hills in this belt was by the 
peripheral ice currents, moving capriciously and with many 
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changes, but predominantly or wholly eastward. Whatever 
fluctuations of glacial movements may have conspired to pro- 
duce the interstratified condition of the red and gray till, they 
must be ascribed to a time earlier than that of the moraines, 
while yet the ice from the east and west, confluent on this area 
and above the later site of lake Hamline, pushed back and 
forth, interbedding ice and its drift from each side in one con- 
tinuous ice-sheet, to be soon melted and allowed to deposit 
its englacial material. 

Not far westward, in the region of lake Minnetonka, and 
thence north through the larger parts of Hennepin and Wright 
counties, a great congeries of moraine hills is variously group- 
ed and spread in scarcely distinguishable series. The broad 
confluent belt of the ice-sheet had received much englacial 
drift from each side, far exceeding its average amount, and it 
was heaped during the glacial retreat in these abundant hills. 

Plains op Modified Deipt. 

When the surface melting had reduced the border of the 
waning ice-sheet to the thickness of only two or three hundred 
feet or less, it was covered by the drift which had existed high- 
er in the ice; and at the same time the water of its melting 
and of rains, washing the drift-laden surface and gathering 
into rills, brooks, and even rivers before coming to the edge 
of the icefields, brought to the land just beyond their boundary 
a vast freight of gravel, sand and clay. This occurred most 
abundantly where the ice held much drift, as upon this belt of 
its former confluence from opposing directions of movement. 

Such plentiful deposition of modified drift, however, was 
not limited to the areas of St. Paul and Minneapolis, but it 
was a very remarkable feature of the time of final melting of 
the ice-sheet upon all the belt of its confluent currents from 
the northeast and northwest across this state. Extensive sand 
and gravel tracts reach from the Twin Cities north-northwest- 
erly through Anoka, Isanti, Sherburne, Benton, Morrison, 
Crow Wing, Cass, Wadena, and Hubbard counties, to Itasca 
lake, and onward in the same course by Red lake and the west 
side of the Lake of the Woods, to the vicinity of Winnipeg.* 

♦The Glacial Lake Agassiz, U. S. Geol* Suney, Monograph XXV, 
1895, pp. 181-188, 
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Southward, also, large tracts of modified drift reach several 
miles to the Southwest and south from Minneapolis ; and they 
again occur in characteristic development, beyond a belt of 
morainic hills, upon a large part of Dakota county, in the 
angle between the Minnesota and the Lake Superior lobes of 
the ice-sheet, as they existed at the time when the great marg- 
inal moraines of the Wisconsin stage of glacial retreat began 
to be formed.* The modified drift in Minneapolis is thus seen 
to have owed its origin to drainage from the receding icefields, 
not to the Mississippi river. It is part of a belt of gravel and 
sand plains extending about 400 miles, progressively deposited 
as the ice boundaries withdrew from south to north. Within 
the Minneapolis area the deposition closely attended the gla- 
cial recession, taking place largely at the edge of the icefields, 
and reaching apparently only a few miles away; except that 
the greater part of the fine silt and clay, which could be borne 
in slowly flowing water, passed far down the Mississippi val- 
ley. 

Adjoining the south side of the Lowry hill esker, close 
northeast of the Lake of the Isles, a very gently sloping plain 
of modified drift reaches a quarter of a mile from the esker 
ridge, and has a descent in this distance from 920 or in part 
915 feet, at its upper edge abutting on the esker, to 910 feet. 
Next southward there is a more rapid descent of the sand sur- 
face, 20 to 25 feet; and thence a slightly undulating plain of 
the same gravel and sand, 890 to 875 feet above the sea leveU 
stretches three miles south, adjoining the east side of the Lake 
of the Isles, and of lakes Calhoun and Harriet. This wide 
plain declines slowly eastward, or at some lines it has a rather 
abrupt general descent of 5 or 10 feet, to the height of about 
860 feet at the east end of this esker series and thence south 
to the vicinity of Powder Horn lake and nearly to the Wash- 
burn Memorial Orphans' Home. Thence to the east and 
southeast its inclination continues, sinking to about 830 or 825 
feet before reaching the Mississippi river. This stream was 
pushed to the east side of the modified drift plain by the east- 
ward slope, and it there trenched through the drift and its re- 
ccdinc: waterfall cut a gorge about 100 feet deep in the Trenton 

♦Bulletin of the Minnesota Academy of Natural Sciences, vol. iii, pp. 
51-56. ' 
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limestone and St. Peter sandstone. But east of the University 
and for three miles northward, the river originally flowed at a 
considerable distance east of its present course, the old river 
bed being marked by a continuous tract of shallow peat near 
the eastern limit of the modified drift. 

CHANNELS OF DRAINAGE FROM THE MELTING ICB-SHEET. 

In the southeast part of these gravel and sand plains, much 
of their original deposit was removed by the rivers coursing 
away from the melting icefields; but since the full departure 
of the ice upon this area, little further erosion has taken place. 
The deserted water courses vary in size up to widths of a 
quarter or third of a mile, with depths of 25 to 40 feet below 
the remaining plains and plateaus. They indicate a somewhat 
prolonged halt of the receding ice border near the western lim- 
its of the city. 

A less permanent course of outflow of a stream from the 
retiring ice is traced along a distance of about two miles south- 
eastward from near the east end of the Lowry hill esker; and 
it apparently represents the incipient glacial river which dur- 
ing the farther recession of the ice border, having become then 
a much larger stream, formed that esker series. Beginning at 
and close east of the intersection of Eighth (Chicago) avenue 
and Twenty-sixth street, this very interesting water course, of 
unequal depths, from 5 to 20 feet, and in part 40 feet, below 
the level of the plain on each side, and having a variable width, 
from 200 or 300 feet to about 1,000 feet, passes crookedly 
south-southeast to the intersection of Cedar avenue and Thir- 
ty-seventh street, where it opens into one of the broad river 
courses before described. The deepest and widest part of this 
singular channel is occupied by Powder Horn lake, some 1,500 
feet long and 200 to 600 feet wide, nearly 40 feet below the 
general level, and probably 10 to 15 feet deep. But at sorne 
places before coming to this lake, and again less than a quarter 
of a mile southeast from it, the channel rises almost to the 
plain level. I cannot doubt, however, that through all its ex- 
tent it was gullied by a torrent of water discharged from the 
ice-border during its retreat across this distance. 
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BA9INB DUS TO UNMELTED ICE MASSES. 

Some parts of the wider channels and low areas inclosed 
among the high plain deposits may mark places where rem- 
nants of the departing ice prevented deposition ; and occasional 
bowl-like hollows, not filled by water, doubtless belong in this 
class, while others were caused, as in the course of the Powder 
Horn channel, by gullying action of a torrent. All the large 
lakes of the city area, since they are partly or entirely inclosed 
by modified drift, which forms usually steep banks, rising lo 
to 30 feet above the lake surface, must be attributed to ice 
masses left where the lakes now exist and continuing unfnelted 
long enough to allow the adjoining gravel and sand plains to 
be deposited. 

COMPARISOV WITH PLAINS OP CAPE COD. 

The conditions of fluvial deposition forming these sloping 
plains of gravel and sand, with some well defined large water 
courses/other channels of varying depth and width quite un 
like ordinary stream beds, and small and large inclosed hol- 
lows, holding bogs, ponds, and lakes, are paralleled or nearly 
duplicated at many other localities, in front of our great trans- 
continental moraine belts. Nowhere else, however, are all 
these features of frontal plains better displayed than on the 
southern part of the peninsula of Cape Cod, the earliest of 
such areas in this country to be studied and described.* 

EsKKR Ridges and Hills. 

Along two courses the Minneapolis plains are diversified 
by protrusion of hilly and ridged deposits of coarser gravel 
and sand. Neither course presents a typical esker, a pro- 
longed ridge, with steep sides and narrowly arched top of vary- 
ing height; but yet each seems to me clearly referable to this 
class of drift formations. They^run in the direction of the 
glacial recession, instead of being parallel with the receding ice 

♦The Formation of Cape Cod, Am. Naturalist, vol. xiii, pp. 489-502, 
552-565, Au^. and Sept., 187Q. Also compare Prof. N. S. Shaier's paper, 
fteology of the Cane Cod District, U. S. Geo!. Survey, Eighteenth An- 
nual Rep., for 1896-97, pp. 497-593, with plates xcvii-civ, and figures 86- 
Q2 in the text; and my review of that paper, Am. Geologist, vol. xxiv, 
pp. 79-92, Aug., 1899.' 
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boundary. Therefore they cannot be classed as marginal ac- 
cumulations, but must have been deposited by streams flowing 
from the ice. 

SERIES INCLCDINQ LOWRY HILL. 

From the intersection of Fourth avenue and Twenty-sev- 
enth street, a wide, undulating, and in part rather flat ridge, or 
single series of short ridges and hills, extends two miles and 
a half, in a curving course, toward the northwest and west. It 
varies from a quarter of a mile to a half mile in width, and 
rises only 15 to 25 feet above the plains adjoining its south 
side; but on the north it is bounded by a considerably lower 
tract of fine gravel and sand, 50 to 100 feet below the top of 
the ridge, and mostly 10 to 15 feet below the plains a little far- 
ther away at that side. The residence of Hon. WilHam D. 
Washburn is situated on this ridge a half mile from its south- 
east end. A higher part, commonly called Lowry hill, rises 
close west of the residence of Hon. Thomas Lowry, where the 
series, near the middle of its length, is crossed at a low gap by 
Hennepin and Lyndale avenues. Westward, Mount Curve av- 
enue passes along its crest, the highest part being 935 to 938 
feet above the sea. Close northeast of Cedar lake, the series is 
interrupted by a second gap, which has been made or greatly 
enlarged by excavations for railway ballast, this being the 
route of the Minneapolis and St. Louis railway and of one of 
the lines of the Great Northern railway. About a quarter of 
a mile farther west, the high esker deposit rests against the 
border of a moraine belt of till, in which the highest hills 
scarcely overtop this gravel ridge. 

Masses of till in esker gravel. On the southeast side of 
the long railway excavation, at the distance of about a third of 
a mile from Cedar lake, I noted, in a freshly worked section, 
the interbedding of numerous masses of northwestern till in 
the gravel and sand of this esker, as shown in figure 1 1 , plate 
\^IL The till deposits varied from i to 4 feet in thickness, and 
from 10 to 20 feet in length, occurring along an extent of about 
100 feet, and within a vertical space of 5 or 6 feet, their height 
being about 20 to 25 feet above the railway and 25 feet below 
the top of the excavation. The till is of typical texture, a 
clayey matrix holding sand and small angular rock fragments 
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up to 3 inches long. Its masses, dark bluish in their central 
part, were readily distinguished from the yellowish gray gravel 
and sand, in which the largest pebbles and cobbles, all water- 
worn, are from 6 to 12 inches in diameter. No boulders were 
seen here imbedded ; but a solitary one, about 5 feet in diam- 
eter, was observed on the opposite side of this excavation, ly- 
ing in the gravel 10 to 15 feet below the surface. Boulders 
are absent or very rare upon or within all parts of this esker 
series. 

The till masses in the esker are about a half mile from its 
western termination against the moraine, and about one mile 
east from the section 3, on Superior avenue, figured in plate 
VII, which may be usefully compared with the following ex- 
planation. They seem to indicate a subglacial origin of this 
part or stratum; but they occur where the esker is narrowest. 
Farther east, I think that its deposition took place chiefly in an 
ice-walled canon, open above to the sky. The esker river, 
formed by superglacial drainage falling into crevasses and 
moulins, probably received the till from its ice roof ; but before 
the completion of this section of the deposit, the overlying ice 
appears to have been melted through, for no till occurs here 
above the esker gravel. 

SERIES FROM LAKE AMELIA TO LAKE HARRIET. 

A less definite esker-like series of gravel and sand plateaus, 
ridges, and hills, is interruptedly traceable in the south edge 
of Minneapolis, its length being five miles or more. Its east- 
ern beginning is nearly a mile south of the city limits, at Min- 
nehaha Heights, lying east of Mother lake and about two miles 
west of Fort Snelling. Thence it is imperfectly developed 
westward, in low hills and plateaus, past lake Amelia and Pearl 
lake, but rises to form conspicuous hills close south and west 
of the Washburn Memorial Home, their tops being about 940 
feet above the sea. The series is broken at lake Harriet, but 
again is prominent, rising to nearly the same height of 940 feet, 
in the Linden hills south and west of this lake. It also appears 
to be represented, farther north, by the hills of Lakewood 
cemetery and its vicinity, and by the plateau at the middle of 
the west side of lake Calhoun, about 60 feet above the lake. 
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Boulders up to 2 or 3 feet in diameter occur somewhat fre- 
quently on the hills near the Washburn Home; and their ma- 
terial, as seen in sections, is partly till, but more of it is irregu- 
larly stratified coarse esker gravel and sand. In other parts 
of the series boulders are very rare or altogether absent, and 
the material is wholly modified drift. 

The Chain of Lakss. 

Within the southwestern limits of Minneapolis, Cedar lake, 
the Lake of the Isles, and lakes Calhoun and Harriet, each 
about a mile long and ranging from a half mile to nearly one 
mile in their greatest widths, extend three miles and a half from 
north to south in a noteworthy series, or chain, as it is fre- 
quently called. Westward from these lakes, at least four or 
five miles, to St. Louis Park and Hopkins, a surface of nearly 
level but broadly undulating modified drift, stratified gravel 
and sand deposits, continues, rising to 920 and 930 feet above 
the sea in its higher portions. The chain of lakes, however, 
is succeeded in its line of continuation northward by a promi- 
nently hilly marginal moraine of till, before described, which 
stretches from the west side of Cedar lake four miles north to 
Crystal lake, with hills rising to 925 to 975 feet above the sea. 
At the same time with the formation of those morainic hills at 
or beneath the east edge of the ice-sheet, apparently the con- 
tinuation of this edge occupied the place of the chain of lakes, 
while the modified drift plains 25 to 50 feet above the lakes at 
their east side were being deposited. The ascent from the 
water to the plain is a steep slope, such as is attributed to abut- 
tal of a sand plain, during its formation, against an ice barrier. 

To the height of the plains above the lakes, we must add 
the depth of the water to give the measure of the basin below 
the gravel and sand level. Soundings by Mr. Frank H. Nut- 
ter, city park engineer, show that the Lake of the Isles is most- 
ly only 8 to 12 feet deep, but has two hollows of small area, ly- 
ing one east and the other west of the island, which sink, re- 
spectively, 40 and 42 feet beneath the water surface. (In the 
improvement of this lake by dredging and remodeling its 
shores, as a part of the system of city parks and boulevards, 
two other islands formerly existing have been made parts of 
the mainland.) Full soundings of the other lakes have not yet 
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been undertaken ; but Mr. Nutter states that lake Calhoun is 
found to have a depth of 40 feet within 500 feet from its south 
shore. Lake Harriet is reputed to be the deepest of the ser- 
ies, and is said to have maximum soundings of about 80 feet. 

When the ice border receded from this line, masses of the 
ice, which had projected as promontories on the sites of the 
lakes, appear to have been left as unmelted remnants in front 
of the receding boundary, forbidding the lake basins to be 
filled with gravel and sand while the plains, plateaus, and esker 
or kame hills at their west sides were accumulated. 

COMPARISON WITH OTHER LAKE CHAINS IN MINNESOTA. 

In Martin county. Beside the conditions thus far set 
forth as the causes of this chain of lakes, it is probably true 
that the interglacial gorge of the Mississippi, as studied out 
by Winchell, passing along this course, was one of the rea- 
sons for the deficiency of the drift to fill these hollows and 
consequently for the ice masses left while the modified drift 
adjoining them was laid down. We cannot, however, ascribe 
to the previous gorge the whole or even the chief agency in the 
origin of the lakes. They differ from the even more remark- 
able chains of lakes in Martin county, adjoining the south 
boundary of this state ; for there the three lake series run 
transversely across the course of marginal moraines and of the 
retiring ice border, they are deep hollows in a region of till, 
with no important modified drift deposits, and they seem clear- 
ly referable altogether to failure of the latest drift to fill and 
obliterate interglacial river courses.* 

In Croiv Wifig, Cass, and Hubbard counties. The analogues 
of this lake chain are found in areas of modified drift in Crow 
Wing, Cass, and Hubbard counties, where lakes tributary' to 
Gull and Pine rivers and to Crow Wing river occur in two in- 
structive series, parallel with marginal moraines of the region, 
and attributable to the same causes as are here presented in 
explanation of the Minneapolis lake series.t 

♦Geology of Minnesota, Final Report, vol. i, 1884, pp. 47Q-485. 
tGeoiogy of Minnesota, Final Report, vol. iv, 1899, PP* 7^' 77- 
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Review of the Glacial Histoet. 

AH the drift formations described in this paper belong to 
the closing Wisconsin stage of the Glacial period. 

Overlapping and interstratification of till from the north- 
east and the northwest were due to fluctuations of the belt of 
confluence of opposing glacial currents. 

When the final recession of the ice-sheet extended to this 
vicinity, the area of the glacial lake Hamline, in St. Paul, was 
the first part of Ramsey and Hennepin counties to have its 
ice envelope melted through. 

From the west side of lake Hamline, the ice-sheet upon 
Minneapolis receded westward, terminating along north to 
south boundaries, with the formation of marginal moraines 
which lie on the eastern and western limits of the city. 

The modified drift plains and eskers of Minneapolis were 
the work of glacial rills, brooks, and rivers, pouring down 
from courses on the ice surface, where the melting had expos- 
ed much previously englacial drift. 

Deposition of stratified gravel and sand inclosing lake ba- 
sins, and forming a chain of lakes in the southwest part of the 
city, was caused to take such deeply hollowed forms by the 
persistence of masses of the ice left while the main ice bound- 
ary was withdrawn. 



OlV*HE ORIGIN OF PHENOCRYSTS, AND THE 

DEVELOPMENT OF THE PORPHYRITIC 

TEXTURE IN IGNEOUS ROCKS, 

By W. O. Cbosbt, Boston. Mass. 

The ideas embodied in this paper were, in the main, elab- 
orated in the spring of 1898, in the course of a correspondence 
with a fellow geologist upon the geological significance of the 
prophyritic structure of the porphyritic aporhyolyte or quartz 
porphyry forming the contact zone of the granite batholith of 
the Blue hills, south of Boston; but in part, also, during an ex- 
cursion in the following summer, to the head waters of 
the San Joaquin river, in California. When, in the following 
December, at the New York meeting of the Geological Soci- 
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ety, Professor L. V. Pirsson read his paper "On the pheno- 
crysts of intrusive igneous rocks,"* my first impression was 
that his conclusions were practically identical with my own; 
but a careful reading of his paper after its publication con- 
vinced me that they are sufficiently distinct to warrant this ad- 
ditional contribution to the literature of the subject. We 
agree in our dissatisfaction with the long-accepted theory that 
an abrupt change, or any appreciable change, in the rate of 
cooling is essential to the differentiation of phenocrysts and 
groundmass, or the development of the porphyritic texture in 
plutonic and intrusive as well as in effusive rocks; and also 
in regarding the viscosity of the magma as an important fac- 
tor; but beyond this the development of our ideas is along 
quite different lines. 

Prof. Pirsson first points out the utter failure of the gen- 
erally accepted theory to explain some of the most important 
facts, such as: the more frequent occurrence of phenocrysts 
in the central than in the peripheral portions or contact zones 
of dikes ; the development of the porphyritic texture in a part 
only of a continuous, contemporaneous and homogeneous sys- 
tem of dikes or sheets ; the relations of phenocrysts to fluidal 
phenomena; the coarsely porphyritic granites, a sudden cool- 
ing being inconceivable with this deep-seated, plutonic mag- 
ma; the inclusion, and also the crowding back, of crystals of 
the groundmass by the phenocrysts, indicating the subsequent 
development of the latter. He then develops his own view, 
according to which the most important factor in the crystalli- 
zation of rocks is the crystallization interval or the period dur- 
ing which the crystals of a particular mineral continue to grow 
before the increasing viscosity of the magma determines the 
establishment of new centers of crystallization. With long 
crystallization intervals each constituent may exhaust itself in 
the magma before the next begins to crystallize. When each 
has had its turn, the rock has crystallized, and the granular 
structure is formed. Viscosity, which varies inversely as both 
temperature and hydration, determines, per se, simply more 
numerous centers of crystallization for each mineral and a 
finer grain of the resulting rock. But increasing viscosity dur- 

♦Am. Jour. Sci., 157, 271-280. 
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ing the cooling of the mag^a or escape of water diminishes 
the crystallization interval; hence the minerals of the first in- 
tervals (phenocrysts) are coarser than those of the later inter- 
vals (groundmass). The porphyritic structure is in this case a 
sort of arrested or retarded granular structure; and the phen- 
ocrysts belong to the monogenetic type — distinct from the 
groundmass. Phenocrysts are, however, usually of the re- 
current type, agreeing mineralogically with a particular con- 
stituent of the groundmass; and these are believed to depend 
upon mass action, each compound present in predominant 
amount tending to set up centers of crystallization before its 
proper period. Recurrent phenocrysts thus belong to the 
more abundant species in the rock, as is commonly found to be 
the case. 

These explanations, alike of the monogenetic and the re- 
current phenocrysts, appear to the writer to still leave some- 
thing to be desired in the way of fully and satisfactorily ac- 
counting for the usually very striking contrast of phenocrysts 
and groundmass. The following statement of my own views, 
so far as applicable to the quartz porphyry of the Blue hills, is 
copied almost verbatim from letters written in February and 
March, 1898. 

The quartz porphyry of the Blue hills is not intrusive, ex- 
cept to a very limited extent, where it forms slender apophyses 
in the Cambrian slates ; and these apophyses are macrosropi- 
cally indistinguishable from the main body of the porphyry. 
The quartz porphyry is as massive and free from flow-struc- 
ture as the granite which it covers, simply forming the con- 
tact zone of the batholith between the granite and the Cam- 
brian strata, and passing insensibly downward through gran- 
ite porphyr}' into the normal granite in which the quartz is 
wholly allotriomorphic. Even at the contact with the slates, 
the porphyry holds its normal character, and is not appreciably 
more compact (felsitic) or fluidal. 

The floor on which the Cambrian strata were deposited has 
utterly disappeared during the development of the batholith ; 
and the most rational conclusion seems to be that the magma, 
due itself to a great heat invasion consequent, probably, upon 
extensive deposition and subsequent deformation, absorbed by 
melting or solution not only the whole of the sub-Cambrian 
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crust, but a great volume of the Cambrian strata. Hence the 
Cambrian strata near the contact were highly heated and in- 
capable of chilling the magma. Finally the heat invasion 
reached its utmost limit and began to retreat; and, as with the 
tide, the recession must have been at first extremely slow. 
But it was precisely during this period of slowest and most 
gradual surface cooling that the contact zone of quartz por- 
phyr>', covering many square miles of the batholith, must have 
been formed. 

According to the best statements of the accepted theory 
which I have seen we must conceive that the magma as a 
whole contained crystals of the first consolidation, due, in 
part, to pressure ; and that while in the superficial portion of 
the batholith, through the development of » groundmass by a 
comparatively sudden decrease of temperature or increase of 
pressure, these crystals retain their idiomorphic character, in 
the central portion of the batholith they become allotrio- 
morphic by continuing to grow until the magma is exhausted. 

In whatever form it is stated, this theory postulates as its 
most essential and vital feature not merely a more rapid 
change (decrease of temperature or water or increase of pres- 
sure, or all three) in the superficial than in the deep-seated por- 
tions of the batholith, which must be granted, but at some 
point in the process of crystallization of the superficial magma 
a more or less abrupt increase in the rate of change. This in- 
crease is provided for volcanic rocks by their effusion; and 
for intrusive or dike rocks by their transfer from lower to 
higher levels in the crust, although, as Pirsson has shown, the 
distribution of phenocrysts in dikes is not always or usually 
in harmony with this idea. But for truly plutonic masses the 
case is different ; and I was first led to question the sufficienc)i 
of this theory as a general explanation of phenocrysts and por- 
phyritic texture by the difficulty of conceiving the possibility 
of such a break in the physical conditions for even the super- 
ficial part of a batholith. 

That the growth of the phenocrysts has been arrested by 
the relatively sudden solidification of the magma residuum to 
form the groundmass is, to my mind, unquestionable. The 
real question is as to tlie cause of this change or crisis in the 
history of the rock. Being unable to recognize the possibility 
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of sudden changes of temperature, hydration or pressure in the 
contact zone of a batholith, I was led to consider whether a 
cause for the critical point in the crystallization of the magma 
might not be found in its gradually increasing viscosity, its de- 
velopment bein^ thus immediately determined by internal con- 
ditions, and only indirectly or remotely by external conditions. 

The phenocrysts, or idiomorphic quartz and feldspar ,of 
the Blue hills quartz porphyry do not necessarily imply an 
abrupt change in the rate or condition of cooling; for a very 
gradual change would suffice, or possibly no change at ail, if 
we may postulate, as of course we must, a somewhat more 
Tepid rate in the superficial portion of the batholith than at 
greater depths than where granite is formed. At the be- 
ginning of solidification, when the crystallizing magma has, 
we will say, its maximum liquidity, each growing phenocryst 
of quartz and feldspar is able to derive material from a consid- 
erable volume of magma. But with continued cooling the mag- 
ma becomes more and more viscous and molccplar flow more 
restricted, until finally the molecular flow is unable to keep 
pace with the rate of solidification and new centers of crystal- 
lization are established between the phenocrysts, and the 
growth of the phenocrysts is virtually arrested. 

According to this view, the formation of the phenocrysts 
or the porphyritic texture may be quite independent of any 
change in the rate or condition of cooling, being conditioned 
solely by the relation of the rate of solidification (equal rate of 
cooling), which may be absolutely uniform, to the rate of mole- 
cular flow, which varies as the viscosity, the viscosity being 
determined chiefly by the temperature and the proportion of 
water or other mineralizers. The main point is that the change 
from centralized to diffused crystallization, from the formation 
of the phenocrysts to the formation of the groundmass, will 
be abrupt. In the granite this change does not occur, be- 
cause solidification is so slow as not to overtax the molecular 
flow. When the change does occur in the porphyry, the mag- 
ma will be in a condition analogous to that of an over-cooled 
liquid or a supersaturated solution ; and it is easy to see that 
the molecules would add themselves much more rapidly to a 
crystal 5-10 of a millimeter than to one 5 millimeters distant, 
and that the new centers of crystallization would be very near 
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together. A rapid solidification of the groundmass or mag- 
ma residuum is thus seen to be probable. The superficial 
cooling of the batholith probably went on slowly at first, and 
more rapidly afterward, which would be a condition much 
more favorabl.e, though not strictly essential, to the develop- 
ment of the porphyritic texture in situ. The fact that in the 
subsequent intrusive and effusive outflows of magma from the 
interior of the batholith the phenocrysts are few and small is 
certainly strongly against the view that the phenocrysts of the 
quartz porphyry were formed at a considerable depth in the 
batholith. 

The development of the condition where the rate of solid- 
ification overtaxes molecular flow would, of course, be ex- 
tremely gradual ; but the resulting change in the mode of crys- 
tallization would, I firmly believe, be abrupt, although not 
necessarily simultaneous for any considerable body of mag^a. 
I have compared the mag^a at this stage to an over-cooled 
liquid or supersaturated solution; and I see no escape from 
the conclusion that in accordance with well-established 
physical laws, a condition of unstable equilibrium must result, 
when the magma will be actually liquid but potentially solid; 
so that diffused crystallization when once started in any 
part of the magma, will proceed rapidly. As I regard the 
matter, any rate of cooling not extremely slow would suffice, 
the change occurring at a higher temperature with a rapid 
rate and a lower temperature with a slower rate. If the rate 
of cooling is slow enough there is no change and allotriomor^ 
phic crystallization is the result; but if it is more rapid, the 
overtaxing of molecular flow and development of porphyritic 
texture at a temperature proportionate to the rate appear to 
be inevitable. We are thus able, consistently with the un- 
doubtedly slow and gradual changes of plutonic conditions, 
to explain an abrupt change in the crystallizing process. The 
old theory completely breaks down at this point; that is, it ap- 
peals to a sharp change of temperature, pressure or hydra- 
tion, but utterly fails to explain how either is possible in a stag- 
nant or sedentary magma at a great depth in the earth. 

One pertinent and inevitable criticism of the new view 
may be anticipated at this point. To the statement that any 
rate of cooling not extremely slow would suffice for the de- 
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velopment of the porphyritic structure in the contact zone 
of a batholith it would be a natural rejoinder that a stagnant 
magma at a great depth in the earth would possess just this 
extremely slow rate of cooling. This criticism, pointed 
though it be, loses sight of the main factor — the high viscosity 
of the congealing magma, as conditioning and limiting molec- 
ular flow. Whether the rate of cooling is to be regarded as 
rapid or slow depends upon the viscosity of the magma. 
Becker* has done geology an important service by calling at- 
tention to the extreme slowness of molecular diffusion in 
highly mobile and relatively non-viscous aqueous solutions. 
The viscosity of a magma, under any conditions, is vastly 
greater than that of an aqueous solution; but at the temper- 
ature of solidification it is almost incomparably greater. There- 
fore a rate of cooling which would be extremely slow for an 
aqueous solution might be extremely rapid for a crystallizing 
magma. Fineness of grain, the rate of cooling being equal, 
is undoubtedly a fair index of relative viscosity ; and the same 
conditions which would yield a merely cryptocrystalline or 
microcrystalline structure in a magma might be expected to 
afford crystals several inches or feet in diameter in an ordin- 
ary solution, as is so fully demonstrated by everyday compari- 
sons of dikes and mineral veins. Plutonic rocks exhibit a 
wide range in texture; and when the rock is finely crystalline 
or microcrystalline we may fairly say that the rate of cooling 
was rapid for a magma, although it may have been centuries 
in crystallizing. On the other hand, a coarsely macrocrystal- 
line granular texture, like that of the normal granite of the 
Blue hills, indicates extremely slow cooling even for a magma. 
The porphyritic texture, however, corresponds to an interme- 
diate rate of cooling. 

In the first case, the rate of cooling having determined a 
relatively narrow spacing of the primary centers of crystalli- 
zation, may be said to have overtaxed molecular flow from the 
beginning of the crystallizing process and the rock consists 
wholly of the groundmass. In the second case, with a wider 
spacing of the primary centers, there was, relatively speaking, 
no overtaxing; and the rock may be said to consist wholly of 
overgrown phenocrysts, mutual interference having made 

♦Amer. Jour. Sci., vol. 153, p. 21-40. 
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them allotriomorphic. And the third case combined the other 
two, overtaxing and the consequent change from the devel- 
opment of the phenocrysts with wide spacing to the develop- 
ment of the groundmass with narrow spacing having super- 
vened as increasing viscosity retarded molecular flow. 

The contrast of phenocrysts and groundmass has been re- 
garded as proving sudden changes in the physical conditions. 
Apart from this contrast we have no evidence that such 
changes occur; and the probabilities of the case are entirely 
against them. But of course we cannot fairly or logically use 
the abrupt changes to explain the porphyritic texture in the 
absence of independent evidence that such changes are pos- 
sible. 

It may occur to some to inquire why, if this theory be true, 
all igneous rocks, save the deeper plutonics, are not porphy- 
ritic; although this query would be almost equally pertinent 
under the old theory, for all intrusive and effusive types. As 
expressing an objection to the theory now under considera- 
tion it would seem to be especially applicable to the finer 
grained holocrystalline rocks, such as the fine grained gran- 
ites, diabases, etc. If the rate of cooling was such as to de- 
termine close spacing of the primary centers of crystallization, 
why did it not later, through increased viscosity, lead to a 
still closer spacing and the differentiation of phenocrysts and 
groundmass? In reply it may be noted, first, that the over- 
taxing of molecular flow is, in the nature of the case, less likely 
to occur where the distances through which it must act are 
short than where they are long, especially if we may assume 
that the energy of the crystallizing force varies inversely as 
the square of the distance ; and, second, that although fineness 
of grain indicates relatively rapid crystallization, due to rapid 
cooling, and tending directly to increased viscosity, it tends 
indirectly to diminished viscosity through a rapid evolution of 
the latent heat of crystallization and a constantly increasing 
proportion of water and other mineralizers in the magma res- 
iduum. In the slow crystallization of the coarse-grained rocks 
the latent heat and mineralizers are likely to be dissipated 
as fast as evolved ; but they are not essential here to uniformity 
of grain; and in the fine-grained rocks, where they are es- 
sential to uniformity of grain, their efficient cooperation is in- 



Origin of Phenocrysts. — Crosby. 307 

sured by their comparatively rapid evolution. Thus we again 
find that the principle of the overtaxing of molecular flow by 
increasing viscosity admits of application especially to the in- 
termediate stages; and we are able to explain the compara- 
tive infrequency of the porphyritic texture, alike in the coarse- 
grained rocks, which have solidified slowly and the fine- 
grained rocks which have solidified rapidly but without a 
sudden increase in the rate of cooling. According to my ex- 
perience with porphyritic dikes the phenocrysts are, as a rule, 
neither peripheral nor central in the dike, but characterize 
intermediate zones. 

While discussing this problem with a friend (Mr. T. A. 
Watson), as we were walking over the quartz porphyry of the 
Blue hills, he suggested that when, during the growth of the 
phenocrysts. the magma becomes over-cooled and diffusive 
crystallization is imminent, it may be precipitated by an earth- 
quake shock, which would give the sudden increase of pres- 
sure which the accepted theory requires (in the absence of a 
like decrease of temperature or hydration). In consequence 
of the over-cooling or potential solidity of the magma, the 
tensile stresses alternating, during the passage of earthquake 
vibrations, with the compressive stresses would not undo the 
crystallizing work of the latter. Have \\t not here a satis- 
factory compromise? a common ground where sudden changes 
and over-cooling may cooperate? The potency of earth- 
quakes an an exciting cause of crystallization has not, perhaps, 
received the attention that it deserves. 

At a greater depth in the batholith, where the allotrio- 
morphic crystallization of granite is in progress, the physical 
changes affecting crystallization are so gradual that the ten- 
dency to solidify does not overtax molecular flow, there is no 
over-cooling, and consequently no potential solidity to be 
shaken into actual solidity by the shock of an earthquake. 

The porphyritic texture has been developed in rocks under 
such widely varying and strongly contrasting conditions as to 
indicate that no single explanation will suffice, and that both 
the old and the new views are required to account for the to- 
tality of the phenomena. Thus the sudden increase in the rat< 
of cooling incidental to their effusion is still, apparently, the 
best explanation of the prophyritic texture in surface flows, 
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where the phenocrysts are large and distinct and quite cer- 
tainly intratelluric in origin. But in those far more common 
and important cases where the phenocrysts of lavas are small, 
numerous and inconspicuous, increasing viscosity and con- 
sequent over-cooling seem to be demanded, as much as for 
intrusive masses and the contact zones of batholiths or pluto- 
nic masses. 

The porphyritic texture of plutonic rocks is not, however, 
wholly confined to the more superficial portions or contact 
zones of batholiths. In proof of this it is sufficient to cite the 
great bodies of coarsely prophyritic granite, with feldspar phen- 
ocrysts from one to several inches in diameter, which are a 
conspicuous feature in the geology of New England and other 
regions. It may be that in some cases such bodies represent 
the superficial portions of the batholiths to which they belong, 
or that they are intrusive, the phenocrysts both antedating 
and post-dating the intrusion, having continued to grow after 
the intrusion. But surely they belong to an entirely distinct 
category from the quartz porphyry and fine-grained granite 
porphyry of the normal contact zones; and of one thing we 
may be very confident — these coarse, granite porphyries have 
in every instance been formed at a depth so great as to make 
it in the highest degree improbable that either sudden cooling 
or over-cooling of the magma will explain the gigantic phen- 
ocrysts, or rather the striking contrast between them and the 
groundmass. 

What I am inclined to regard as a very normal occurrence 
of this type of granite attracted my attention in the high Si- 
erras, during the excursion, previously mentioned, fron^ 
Fresno, California, to the head waters of the San Joaquin 
river. The canyon of this stream gives a nearly complete sec- 
tion of the Sierras, cutting to the very heart of this great, tilted 
orographic block of granitic rocks. The original sedimentary 
cover of this part of the batholith is represented now only by 
occasional limited patches of metamorphic slate standing verti- 
cally in the g:ranite on the westward-sloping upper surface of 
the orographic block as represented by the crests of the ridges 
separating the tributaries of the San Joaquin. Between these 
points and the bottom of the main canyon, the difference of 
level ranging from 4,000 to 5,000 feet, several very instructive 
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sections were observed. The normal downward sequence is 
dioryte, basic granite or granodioryte with basic or dioritic se- 
gregations, passing into more acid and normal granite, in 
which the dark segregations or inclusions gradually die out. 
The normal granite, free from segregations, becomes appre- 
ciably coarser downward, and at last, in the bottom of the can- 
yon, as at the mouth of Minaret jireek, it becomes in part 
coarsely porphyritic, with phenocrysts up to two inches long. 
I can not doubt the normal character of this sequence, or the 
truly abysmal or plutonic origin of the coarse granite por- 
phyry. 

In seeking an explanation of the development of the por- 
phyritic texture in the very heart of a great batholith, it has 
occurred to me that we may, perhaps, apply to a magma the 
well-known principle that, as recently stated by Van Hise,* 
under a long- continued condition of saturation in a solution 
**the larger crystals grow at the expense of the smaller ones, 
and this process goes on more rapidly in proportion as the 
temperature is high and the pressure is great." "The growth 
of the large crystals at the expense of the small ones is due 
to the fact that the smaller crystals are somewhat more solu- 
ble than the larger. The explanation of this change, as given 
by Ostwald, lies in the surface tension which exists on the 
boundary surfaces between solids and liquids, as on those be- 
tween liquids and gases — the so-called free surfaces of liquids. 
This tension acts so that the surfaces in question are reduced 
in size, with the consequent enlargement of individual crystals. 
During the change for a given volume the lessening of the 
total surface of the crystals, and consequently the lessening of 
the surface tension, results from the fact that the surfaces of 
the crystals will be small in proportion as the individuals are 
large." In other words, if we may assume that in the slow 
development of the crystalline granular texture in a plutonic 
magma, the growing crystals of a particular mineral are not of 
uniform size, and this appears to be inevitable, the larger crys- 
tals will grow at the expense of the smaller ones, thus in- 
creasing the disparity between them. 

It is probable that in a magma this principle would, on 

*Bull. GeoK Soc. Amer., vol. 9, p. 274. 
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account of the high viscosity, be practically inoperative, ex- 
cept where almost unlimited time is available, as in deep-seated 
plutonic masses. This suggestion is advanced tentatively, 
and not with the idea that in this crude form it affords a com- 
plete explanation of the coarse granite porphyries. 



EDITORIAL COMMENT. 



A White-hot Liquid Earth and Geological Time. 

Discussing this much discussed subject in the Scottish 
Geological Maga^^ine for February, Prof. Jas. Geikie demurs, 
as others have done, to the narrow limits which physicists have 
recently* attempted to set to the past ages of the earth's ex- 
istence. "Some thirty-five years ago geologists were in- 
terested to learn from Sir Wm. Thomson that the time which 
has elapsed since the surface of the earth was everywhere 
red hot could not be less than 20 milHons or more than 40CJ mil- 
lions of years." But when this distinguished author in succes- 
sive essays, gradually cut down the time to the lower limit, his 
conclusions clashed with those of his geological brethren. 
Their hopes of a confirmation of their views were blasted and 
they felt totally unable to reconcile their own conclusion with 
those of the mathematical physicist. 

It is not easy, perhaps not possible, to impugn the conclu- 
sions of the mathematical engine. But, to use a military ex- 
pression well known at the present day, the flank of the mathe- 
matician may be turned. In other words, the data from which 
he grinds out his conclusion may be assailed, and this Prof. 
Geikie attempts. 

After reviewing certain other efforts in the same direction, 
he adduces the calculations of. the Rev. O. Fisher, tending to 
show that no legitimate assumptions of primaeval temperature 
can, by contraction of the matter, be made to yield sufficient 
shortening of the circumference to account for the many miles 
of surface required by the foldings, crushing and over-thrust- 
ing that are known, not in one part of the world only, but in 
many. 
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The same difficulty is met if we approach the subject from 
another point. A cooling globe must pass through a con- 
dition in which the surface is cold and the interior still hot. 
Consequently, as has been pointed out by other physicists, 
there must arrive a time when the inner portion, continuing to 
contract, will be in a state of tension — lateral tension — being 
strained over an internal sphere that retains to a much greater 
degree its primaeval heat, and consequently its primaeval size. 
Outside of this the cold superficial layer being compelled to 
sink and unable to contract, must suflfer compression later- 
ally. There must, therefore, exist between these two por- 
tions a neutral shell, or layer of no strain, as it has been well 
named, where neither compression nor tension can act. Now, 
the mathematical physicists have told us that in any admis- 
sible time since incrustation took place this layer of no strain 
cannot be deeper than seven or eight miles. But the geol- 
ogist demurs and says that he finds places, as in Pennsylva- 
nia and in the Alps, where palaeozoic strata have been folded 
and exposed by erosion revealing a depth greater than this 
figure and showing, consequently, that the layer of no strain 
is much deeper than the mathematical conclusion allows. 

Prof. Geikie then argues thus: "If a white hot lava ocean 
enveloped the globe 20 or 25 millions of years ago our folded 
mountains cannot owe their origin to the wrinkling and shriv- 
elling of the crust." "But the evidence of compression is so 
conspicuous and so incapable of being misread that geologists 
are not likely to give up their contraction theory. They will 
insist that physicists who speculate on the subject of crustal 
evolution must first take into consideration the actual facts of 
crustal deformation. No theory, however brilliant and plaus- 
ible, can meet with acceptance if inconsistent with the well 
ascertained results of observations." 

Prof. Geikie then passes on to consider the meteoritic 
theory of the earth, which supposes that it has gradually been 
formed by the accretion of smaller solid masses. Quoting from 
Prof. Chamberlin (Science, June and July, 1899), he says that 
"the high internal temperature may be the sequence of an 
earth which grew up in this way with sufficient slowness to 
remain essentially solid at all stages." 

The conclusion of Prof. Geikie's paper consists of a com- 
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parison of these two "theories of the earth," especially con- 
sidering in the latter case (the meteoritic), the argument urged 
by Prof. Chamberlin, and concludes, we are at one with him 
in thinking that an earth of heterogeneous constitution, prog- 
ressively reorganizing itself, would give larger possibilities of 
internal shrinkage and that the shrinkage must be deep seated 
as well as superficial. e. w. c 

Nepheline Melilite Basalt from Oahu, Hawaiian 

Islands. 

In 1875 Wichman describeda Nepheline Melilite bearing 
rock found by him among ballast brought by a vessel to Ham- 
burg from Oahu, Hawaiian islands.* Later the same rock 
from an equally indefinite source was described by Cohenf 
and again by Stelzner.J Rosenbusch§ also makes mention 
of it in his textbooks. So far as is known to the writer the 
exact source of the rock thus described has remained un- 
known up to the present time. Indeed the work of Dana] 
tended to throw a doubt upon the occurrence of the rock in 
place upon the island at all, and left petrographers wholly 
in the dark as to the sources of the ballast material described. 

When, therefore, in 1899, professor C. H. Hitchcock, of 
Hanover, New Hampshire, informed the writer that he was 
to visit the island and offered to make collections for the 
National Museum, it was at once suggested that among other 
things he collect as full a suit of the rocks as occasion would 
permit. This was accordingly done, and it is interesting to 
note among the samples, which are mainly ordinary basalts, 
some beautifully fresh, dark gray, sometimes almost holo- 
crystalline rocks, bearing nepheline, melilite, olivine and 
pyroxene, with abundant iron ores and perofskite as their 
chief constituents. The main source of these rocks is given 
and the Moiliile quarry, the lava of which evidently came 
from the Rocky Hill craters.^ Clefts in the rock are cov- 

♦Neues Jahrb., 1875, p. 172. 
tibid., 1880, II, p. 55. 
Jlbid., 1882, I, p. 229. 

SSee Fig. 6, pi. XV. Mikros Physiographic 2nd Ed., Vol. 1, 1885. 
Am. Jour. Sci., Vol. 37, 1889, p. 441. 

•See Hitchcock, Geol. of Oahu, Bull. Geol. Soc.of Am., Vol. 11,1900^ 
p. 46. 



•. Editotial CoTftment 313 

^ ered with very perfectly developed small (2mm. long) nephe- 
line and abundant acicular crystals determined by Mr. Wirt 
Tassin as kaliophilite. 

Whether this is the source of the ballast previously de- 
scribed is as yet uncertain. Professor Hitchcock seems to 
think not.* Be that as it may, the definite occurrence of 
this rock on the island is interesting and worthy of a prelim- 
inary note pending more detailed study. g. p. m. 

Recognition of River and Flood Deposits. 

Beliefs honored by long duration of wide and general 
acceptance are yet subject to reconsideration and change, 
not less among geologists than in any other field of investi- 
gation, discovery, and progress. An example of such re- 
vision of an old belief is the recent paper by Prof. W. M. 
Davis, on "The Freshwater Tertiary Formations of the Rocky 
Mountain Region*' (Proc. Am. Academy of Arts and 
Sciences, vol. xxxv, pp. 345-373, March, 1900). The exten- 
sive freshwater deposits here discussed, beginning with the 
Arapahoe and Denver formations, allied by their fauna with 
the Crataceous, and continuing, in ascending order, through 
the Puerco, Wahsatch, Green River, Wind River. Bridger, 
Uinta, White River, Loup Fork, and other formations, have 
been ascribed by Eldridge, Cross, Hayden, Newberry, Powell^ 
Newton, Cope, King, Marsh, Dutton, and others, to sedi- 
mentation in vast lakes. It is shown, however, by this paper, 
that the physical characteristics of these formations, as well 
as their fossils, indicate instead that rivers, meandering in 
variable courses, and in their seasons of flood spreading far 
and wide, were the agents of deposition, bringing the sedi- 
ments from the ever progressing erosion of the mountains. 

The alternations of gravels, sands, and clays, with fre- 
quent cross-bedding and local unconformities, in the deposits 
that have been supposed to belong to the central parts of 
large lakes, are evidently more accordant with the explana- 
tion of these areas as flood-plains of rivers. Shallow playa 
lakes of moderate extent undoubtedly existed temporarily 
in many inclosed basins, and on some areas occasionally 

♦Op. cit., p. 53. 
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large and deep lakes may also for some time have received 
sediments from inflowing rivers and from shore erosion; but 
the view here presented by Davis, that fluviatile deposition 
accounts for the far greater part of these Tertiary beds, 
seems most acceptable. 

Extending a similar revision to the explanation of for- 
mations on the Atlantic slope in the eastern United States, 
a region not considered by Davis, we may equally question 
the assumed marine sedimentation of the Lafayette and 
Columbia formations, which seem by their physical features 
and their fossil contents to be mainly or wholly attributable 
to river deposition on land areas, from erosion of the Ap- 
palachian mountain belt, at times when that region has un- 
dergone epeirogenic uplifts. 

In the Old World the great efficiency of fluvial action for 
the formation of very extensive and thick deposits is grand- 
ly illustrated by the plains of the Hwang-ho, the Ganges 
and Indus, and the Po, and by the more ancient river beds 
now upturned and deeply eroded in the Siwalik hills. Dur- 
ing the Tertiary era the Rocky mountain belt and its in- 
closed basins and adjacent great plains appear, under the 
view taken by Davis, to have been even more remarkable 
for their river flood-plain formations. Until the problem of 
their origin shall be further studied and decided, it is ad- 
vised that Penck's term, continental, be applied to these for- 
mations, leaving the questions open, for investigation in 
every district, as to the interrelations and proportional 
shares of lacustrine, fluviatile, and aeolian action, in the 
transportation and deposition of the sediments forming our 
western plains and intermontane parks. 

w. u. 
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Geohgia de los aldredores de Orizaba, con un Perfil de la vertienU 
oriental de la mesa central. By Dr. Emilio BdSE. 410, 52 pp., with two 
plates of photographs of rock exposures and a folded sheet of sections. 
Boletin del Instituto Geologico de Mexico, Num. 13. Mexico, 1899. 

This paper gives the results of a somewhat detailed study of a small 
area near Orizaba, in the state of Vera Cruz, between i8''3i' and 18^53' 
north latitude, selected on account of its bearing on the more general 
question of the structure and origin of the central plateau of Mexico. 
The author combats the current view, advocated especially by Felix 
and Lenk, that the central plateau is bounded on the east, south and 
west by great faults and that its origin is mainly due to them. 

The stratigraphy, which is first discussed, is rather simple, as the 
sedimentary n»cks include only three formations, all of which are 
referred to the Cretaceous. As these southern Mexican beds can not 
now be identified with established horizons in either Europe or the 
United States, the Mexican geologists have wisely adopted the plan 
in general use in this country of giving local names to their forma- 
tions. Dr. Hose calls his lowest horizon the Necoxtla slates and these 
8 re overlain by the Maltrata limestones and the Escamela limestones. 
The author's views on the age and correlation of these beds will be 
considered later in this review. 

Under the title "structural conditions" a detailed description is 
given of a section of the east slope of the central plateau, following 
in general the course of the Rio Blanco. This emphasizes the intense 
folding ot the lower two members of the Cretaceous section, accom- 
panied by some minor faulting. 

The "hydrographic and orographic part" of the paper consists of 
two brief chapters (3 pp.), in which the author discusses (i) the 
springs and rivers of Orizaba, his description of the many large 
springs near the base of the mountain and of the underground chan- 
nels into which the streams sometimes sink in their upper courses, 
recalling the similar occurrences in Texas; (2) certain valleys and 
basins whose form suggest the work of glaciers, though they must be 
due to some other cause. 

The foregoing are all preliminary to a discussion of the origin of the 
central plateau of Mexico, in which Bose agrees in general with the 
views of Heilprin and opposes those of Felix and Lenk. The author's 
resume of results obtained is as follows: 

"The mountains of southern Mexico form a structurally homoge- 
neous ma.«s, that is to say an elevation formed by folding. 

"The beginning of the orogenic movement in the west dates from 
the Cenomanian, in the east from the Senonian; hence the western 
part is the more ancient. 

"The principal uplift was in the Tertiary, so that the Escamela 
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limestones were then in part removed by erosion; the rigidity and 
thickness of the rocks having a great influence on the structure it 
should be supposed that the parts of the Maltrata limestone that arc 
intensely folded are in regions where erosion took place before the 
principal uplift. 

*The change in the strike of the strata should be referred to the 
circumstance that the orogenic force acted not only at right angles to 
the longitudinal axis of the mountains, but also at right angles to their 
breadth. 

"The central plateau of Mexico is a phenomenon wholly secondary 
and should not be attributed to great lateral fractures, but was formed 
by the filling up of the higher valleys of the ancient mountains by 
masses of eruptive rocks, volcanic sands and modern alluvium. Where 
the valleys are not filled up, that is to say where eruptions were lack- 
ing, the slope appears steeper because the sediments descend by 
faults in steps toward the east and the west." 

There is added some brief notes by Ordonez on the eruptive 
rocks from the lava flows and dikes of the region. 

The author's discussion of the age and correlation of the sedimen- 
tary rocks is of special interest, on account of its bearing on the 
geology of the Texan region, although it has no great importance in 
his principal thesis on the structure and origfin of the central plateau. 
His opinions concerning the age of the Texan Comanche series will, 
doubtless, be given considerable weight in Europe, where the in- 
fluence of Roemer*s stratigraphic error of fifty years ago is still felt. 
These opinions ought not, therefore, to be allowed to pass unchal- 
lenged, especially when it can be shown that the data brought forward 
in their support are largely erroneous. 

The Necoxtla slates at the base of the Orizaba section consist most- 
ly of yellowish, gray and red argillaceous slates, becoming more cal- 
careous above. The thickness has not been determined, and as they 
are entirely unfossiliferous, their age is uncertain, though they are 
correlated on lithologic and stratigraphic grounds with the slates and 
sandstones of Zapotitlan, whose fauna has been partly described by 
Nyst and Galeotti and by Felix and Lenk. According to Aguilera's 
preliminary studies their fauna indicates the Upper Neocomian and 
Apt-Urgonian. 

The overlying Maltrata limestones, with an estimated thickness of 
600 meters, are gray or black in color and contain much flint in the 
form of layers and nodules. Fossils are very rare, including some 
bivalves seen only as sections of the shell, an undescrlbed Nerinea and 
an ammonite, which the author thinks is probably Acanthocerasf 
justinae Hill, but as he also compares it with Scaphites of the group 
of Scaphites ventricosus Meek and Hayden, an Upper Cretaceous 
species that has nothing whatever to do with Hill's Texan ammonite 
from the Trinity division of the Comanche series, it is evident that 
this idtntification has no value. 

The highest member of the section, the Escamela limestone, also 
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has a thickness of 500 or 600 meters, is gray in color, in part massive, 
partly distinctly bedded and bears flints only in the lower portion. 
Fossils are abundant and the fauna is especially rich in Chamidae and 
Rudistae, thus dosely resembling in general aspect the fauna of the 
Caprina cr Edwards limestone of Texas, although the species are 
nearly all different. The faunal list is as follows: 

Hippurites (Vaccinnites) mexicanus Barcena. 

Hippurites sp. . 

Caprotina sp. nov. 

Ichthyosarcolites cf. occidentalis (Whitfield), ^ 

Sphaerucaprina felixi Boehm. *7' 

Sphaerucaprina lenki Boehm. r \ 

Sphaerucaprina sp. 

Caprina cf. adversa d*Orb. 

Caprina ramosa Boehm. 

Ostrea sp. nov, 

Actaeonella (Volvulina) dolium Roemer. 

Actaeonella (Cylindritella) coniformis Roemer. 

Nerinea sp. 

Nerinea castilloi Barcena. , ; 

Triploporella fraasi Steinmann. 

Nubecularia sp. 

Globigerina cretacea d*Orb. 

Bulimina sp. 

Orbitolina aff. lenticularis, 

Lobocarcinus sp. nov. 

Of these fossils only the two species of Actaeonella are known to 
occur in Texas, where they are found in the Fredericksburg division 
of the Comanche series. It is possible, however, that some of the 
species of Chamidae are identical with Texan forms that have been 
described under other names. At any rate, Bose is probably justified 
in correlating this formation with a part of the Comanche series, but 
he is careful not to correlate it with any particular formation in the 
Comanche. 

The author states that the Mexican Cretaceous has two distinct 
facies — a northern one which is like that of Texas, and a southern 
which has little in common with it. A list is given of 73 Cretaceous 
invertebrate species common to Texas and Mexico, of which 67 occur 
in the north and only 16 in the south. This list contains a number 
of species that are said to occur in the Comanche series of northern 
Mexico, but in higher horizons in Texas, as follows: 

Hemiaster texanus Roemer. 
Gryphaea vesicularis Lamarck, 
Exogyra ponderosa Roemer. 
Piicatula incongrua Conrad. 
Vola quinqecostata (Sowerby), 
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♦Inoceramus cripsii Mantell. 

♦I. confertim-annulatus Rcemer. 

♦1. problematicus Schlotheim. 

Cardium congestum Conrad. 

Tapes hilgardi Shumard. 

Cyprimeria crassa Meek. 

Chemnitzia ? texana Meek. 

Placenticeras guadalupae (Rcemer). 

Placenticeras placenta (Dekay). 

Baculites anceps Lamarck. 

Some of these supposed discrepancies in the horizons in which 
species a»e found in the two adjacent reg^ions are doubtless due to in- 
correct identification on one side or the other, or to dependence on 
statements as to stratigraphic range, published many years ago and 
since disproved, but in the case of the species of Inoceramus and the 
three ammonoids, no such explanation is possible. It is evident to any 
one at all familiar with the Cretaceous faunas of Texas and northern 
Mexico, that the Mexican geologists have cither been mistaken as to 
the localities and associated faunas in which these species occur, or else 
they have assigned a great thicl^ness of post-Comanche strata to the 
Comanche series. The reviewer has collected them, both in Texas and 
northern Mexico, always in beds lithologically different from the Co- 
manche and unquestionably above it — in the case of the ammonites 
many hundreds of feet above it. The assertion is confidently made that 
not a single one of the species in the above list, when properly c^is- 
criminated, will be found to occur in both the Comanche series and the 
overlying Upper Cretaceous beds. When such fossils as these are sup- 
posed to occur in the Comanche it is not surprising that nearly the 
whole series is referred to the Upper Cretaceous by our author, 
whose provisional classification places the Washita division in the 
Turonian, the Fredericksburg in the Cenomanian, and the Trinity in 
the Aptian-Urgonian. After quoting the opinion of Heilprin that 
there is no Lower Cretaceous in Texas, of Douvill6 that the Caprina 
limestone is upper Gault or lower Cenomanian, of G. Bochm, that 
the Escamela limestones are upper Cenomanian, and of J. Boehm that 
the Comanche series is partly Cenomanian, Bose says: "Thus it is 
shown more and more that the geologists and paleontologists who oc- 
cupy themselves with the Comanche series and the limestpnes of 
Orizaba are inclined to the opinion that they belong to the Ceno- 
manian." It should be stated, however, that none of the authors whose 
opinions are quoted has had the opportunity to become acquainted 
with the Comanche faunas and their studies have been confined to a 
few specimens of certain groups in which they were interested. When 
they have dealt with the Rudistae and Chamidx of the so-called Caprina 
beds, their comparisons have often been with formations in Europe 
whose age has long been debated and may still be questioned. 

♦"Transition beds between Washita and Black Prairie Series in 

northern Mexico.'* 
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In arguing for the tipper Cretaceous age of ihe Conuriohe Bv>n<^ 
considers "of much value the occurrence of l>*U ^iti%^i*A..^s,.iTJi^ 
Protocardia hillana^ Exogyra flabtllaia^ Os/rra i^ruM/^ m\\\ i\/-^^ 
diiuviana Aorms that are typical for the Cenomanian and the Tutx^- 
nian; they are found in Mexico partly in the Comanche sericss pan)> 
in the equivalent limestone of Orizaba.'* But these forms arc aU oi 
types that have a great stratigraphic range and unless identified vsilh 
the greatest care should be used with much caution in correlation un- 
less they are supported by more distinctly characteristic species. V\\ 
fortunately when such names once get into the literature as idcntilicd 
from a certain formation they are just as good as any others to jugtfle 
with in making up percentages and other devices that are suppo.stil 
to indicate homotaxy or relationship. 

The presence of the ammonite genus Engonoceras is also consid- 
ered significant as it is said to occur only in the Cenomanian in Eu- 
rope. This fact loses weight when it is known that Knj^^yttottn^s 
PedemaliSt which may properly be considered the type of the genun 
is a Comanche (Fredericksburg) species and that some, and probably 
all of the European species referred to Engonoceras do not belong to 
it as properly restricted. 

It is not possible nor desirable at the present time to attempt n 
strict correlation of the Comanche series with the European Creta- 
ceous. It is hoped that within a few months the invertebrate fauna 
will be published in such a form that it will afford a more ftubntantial 
basis for comparisons. Meanwhile it should be remembered that dur- 
ing the past fifteen years the geological work in Texas, in which Mr. 
R. T. Hill was the pioneer, has established many important facta that 
must be considered in all such comparisons. No American geologist 
or paleontologist claims that the Comanche series as a whole corr**- 
sponds to the lower Cretaceous of Europe, but that it doe* form a 
natural and very important distinct series in the American Cretaceous 
It is overlain by an immense thickness of upper Creiaceou* l^^d-* of 
which an upper portion is easily referred to the Senonian, whil*- -a 
lower portion — the Fort Benton and its equivalent, ih** Kat<Ie V*jf^». 
with Inoceramus labiatus — is well correlated with the Turori:in S*.;; 
lower and immediately above the Comanche *er:e^ cfjtr,t:% fh*- fJa- 
kota sandstone and its equivalents. It* relation -h::; w.*h th*: Co 
manche is proving closer than had be^n supjKz-^d, zr.i :? rr.i> #:.*-:.• :- 
ally be assigned to it. Its f?ora i% u-u^l'y r^^^ard*:'! a% ^'.t',: w *\ 
by the American paleobotani-'s. It :-. e; y>'r. xr.*-r*: o^*-. ':.** - * 
upper part of the Ccmar'*he — xh*: \W-}.:*^ fi ^:'.;— ^.i' '/,- V 
younger than t'^e Cer.^rririar.. !• :* r '.^rr-'r g v^ ?,'-•*- — '. i '. . 
nection that the Wa-r ta c^.r.t^:: v ?,r a'vjri'i^'* i-.--^* v :*:- < -. 
general t>-pc of Sihl'.-t'.Vi/'.-a ^.z^-^'z. v -^ - ;. :r, f,, '.-.-: - <'i. --/•- 
a zone (the Fli'^ni-tr-Ti-^r/'-. , •' i* > v. ^'.- »-. <,*-,'; ;, .* -.-. * ,k < 
Cenomanian zz.'\ \y c:r-'«- '*'.♦: C^" * \i ' '< . '• t .,---:' -. ^- . 
thicknei-s r: the F''*^ '!*':'"' \ v^t i'l T' - "> -: - ,- - . •-'•*': 
faunas wh;-:?: rr - -t * - -: " - ' ;, i - - » -•'*','•<',-•■-,.' <- ", ' 
dently c^t^tlc* i" z^ z y*/. v. '.- *: r^.r z.r 
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Only a few of the more glaring paleontological blunders in this 
paper have been pointed out, but the facts given are sufficient to show 
that, although Dr. B6se*s paper may be an important contribution to 
our knowledge of the structure and origin of the central plateau of 
Mexico, his paleontology and the correlations based upon it are 
weak, and must be received with caution. T. w. s. 

The Jurassic fauna of Cape Flora, Franz Josef Land. By J. F. 
PoMPECKj. (Scientific result of the Norwegian North Polar expedition. 
Fridtjof Nansen, 1899? New York, Longmans, Green & Co.) 

Nansen writes the geological sketch introducing the description of 
the fossils by Dr. Pompeckj. The locality is interesting, as being the 
farthest point north, to which the Jurassic fauna has been traced. The 
fossils are in soft shales which have been protected from the severe wear- 
ing action of glacial forces by a protective covering of basalt. Nansen 
could not discover that the Jurassic clays were at all consolidated and 
suggests that their resistance to the pressure of the incumbent ig- 
neous rock may be due to their being perpetually frozen. 

The Jurassic strata of Cape Flora consist of about 575 feet of soft 
clay or sandy clay, which Dr. Pompeckj on the evidence of the fossils, 
refers to the Callovian section of the Jurassic, and of 525 feet of basalt 
which Dr. Nathorst on account of the plant remains would assign to the 
Oxfordian. A section is given at page 30. Numbers of concretionary 
nodules are found in the clay, and these were the principal source of the 
fossils. The fossils were in a very bad condition of preservation, but 
about 32 species were made out mostly Ammonites, Belemnites, and 
lamellibranchs. 

Dr. Pompeckj considers that the discoveries at Cape Flora prove the 
existence of a Bajoccian sea north of the "Eurasian Jura continent;" al- 
so it extends the Callovian deposits nearly two degrees of latitude fur- 
ther north than had been previously known. Two plates of figures of 
the species found accompany the memoir, which is a quarto of 148 
pages. G. F. M. 
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CORRESPONDENCE. 



The Causes of Ore Deposits. The solution of many per- 
plexing problems concerning the genesis of ore deposits has 
recently received great aid from an unexpected quarter. The 
application of the microscope to the rocks and the con- 
sequent great advancement in our knowledge of rock metamorphism 
has been the means of opening up a new field of ore studies. In 
the paper lately read by professor Van Hise* before the Washington 

♦Some Principles Controlling the Deposition of Ores, By C. R. 
Van Hise. (Trans. American Institute of Mining Engineers, Wash- 
ington meeeting, February, 1900, 126 pp., 1900.) 
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irceting of the American Institute of Mining Engineers, we have tbe 
subject of ore origin approached strictly from the direction of modem 
geology. Altogether the treatment is noteworthy. It may be re- 
garded as marking a new era in ore study. However, few persons 
who are not expert petrologists in the most modern sense of the 
word will fully appreciate the profound significance of this author's 
statements. It shows more conclusively than ever before that if we 
are to make rapid progress in the study of ore genesis, it must be 
largely along geological lines. Geological relationships, geological 
structure, and geological processes come in for first consideration. 

While the present paper is an adaptation to the ore deposits, of a 
more elaborate treatise on general rock metamorphism, now nearly 
ready for publication, its presentation at this time is timely. The 
general subdivisions of the subject are self-explanatory. The litho- 
sphere is divided into zones of fracture, combined fracture and 
fiowage, and fiowage. The water content and the openings in the 
rocks are next taken up. In a third section are considered the 
physico-chemical principles controlling the work of underground 
waters; and in a fourth, the general application of these principles to 
ore deposits, the work of ascending water, of descending water, and 
the various reactions are clearly set forth. 

An almost startling inference is it that ore bodies are essentially sur- 
face deposits; that is, they are mainly confined to the brittle cuticle 
of the globe, that zone near the surface which is commonly called by 
modern geologists the zone of fracture. Few of us are fully prepared 
to accept the proposition without some hesitation. Yet a little re- 
flection will show that it could hardly be otherwise. The phenomena 
connected with ore deposits are merely special cases of the more 
general problem with which geologists have to deal. 

The consideration of the upper limit of groundwater is particularly 
opportune. Regarding its relations to the position and character of 
ore bodies it removes, at once, many obstacles that have long stood 
immovable in the path of satisfactory explanation of apparently 
anomolous phenomena. Any change of position of this groundwater 
level necessarily produces important changes in the mineralogical 
nature of the ores. Yet orogenic movements are known to take 
place in many cases much more rapidly than the ores are altered by 
weathering influences. Consequently we often find a more marked 
discrepency between the groundwater line and the local character of 
the ores than we should expect. In the broader field of general rock 
alteration we assume the truth of the observation made by Wads- 
worth and by Judd, that all such changes are from a less stable to a 
more stable condition. But this does not express the full significance 
of the phenomenon. The conditions themselves are continually 
changing. The process is essentially continuous, sometimes in one 
direction, sometimes in directly the opposite. It does not seem to 
be making the statement to strong when it is said that the changes 
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are probably analogous to the changes going on in what we call the 
organic world, and that the changes go on with almost the same ease 
and rapidity as they do in the organisms. 

Although there is little said regarding the classification of ore de- 
posits, professor Van Rise's paper has an important bearing on this 
phase of the general theme. 

When professor Van Hise sums up t^e situation and says that a 
''Complete theory for many ore deposits must be a descending, later- 
al-secreting, ascending theory," it is certainly a conclusion from which 
there is no escape. We can only attain an adequate explanation of ore 
deposition by considering all of these currents, sometimes working 
independently perhaps, but usually operating in conjunction and 
practically contemporaneously. 

In order that any classification of ore deposits may be made use- 
ful to the fullest extent it must first of all be simple; second, it must 
be capable of being readily applied in the field; and third, it must be 
a guide to proper exploitation. No matter how refined and well- 
fitting a scheme we have, if it does not meet these three requirements 
it will not be adopted or even be considered by practical men. 

The closing paragraphs of the paper are devoted briefly to the 
bearing of the principles set forth, upon ore classification, and espec- 
ially a plan that is genetic. How far such a scheme can be made 
successful professor Van Hise does not indicate in this connection. 
The experience of the past would go to show that a purely genetic 
plan, that is at the same time a useful one, is not practicable, nor 
can ever get beyond the stage of being genetic in name only. 

It is possible to have a genetic scheme of classification for the 
rocks that will aid in their consideration because those who have most 
to do with them are able to approach them from a strictly scientific 
and philosophic standpoint. With the ores this can never be so, be- 
cause the vast majority of ore students are trained from a wholly dif- 
ferent standpoint. 

If we begin on the basis of the genetic rock classification, to ar- 
range ore deposits we, of course, have our first grand sub-divisions 
determined directly by origin, whether (i) igneous, (2) sedimentary, 
or (3) deposited by underground waters. From the standpoint of ores 
as ore bodies, the first and second great groups have in reality very 
subordinate taxonomic ranks, possibly so low as the fourth order. 
The third, comprising practically all ore deposits, is a general agency, 
and therefore cannot be considered among the criteria of classifica- 
tion at all. 

As in the case of other natural objects, ores have many different 
viewpoints from which they must be considered. We can classify 
them according to the standards of each of these standpoints, and we 
would have as many different schemes of classification. Theoretically 
we should consider each according to its value, and erect a general 
scheme embracing all. In practice we can only give prominence to 
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one class of criteria at a time. Hence our general scheme most give 
in each order precedence to the predominating factor according to its 
taxonomic rank. Some of the most important criteria are the struc- 
tural features. C. R. Keyks. 

Erosion of Mountains in Southern California.— While pass- 
ing through southern California with my father on our way to Siberia, a 
few days were g^ven to study of the mountains of that region, to deter- 
mine whether they have been covered by gladiers as some have thought. 
With this end in view, we climbed one of th^ three highest peaks of 
southern California, Mt. San Antonio, or "Old Baldy" as it is locally 
called. This peak, although the lowest of the three, San Bernardino and 
San Jacinto being a little higher, rises to 10^083 feet and hence is a good 
place to look for signs of glaciationif such exist. A few of the observa- 
tions made in this region may be of interest to the readers of the Ameri- 
can Geologist. 

Before reaching California, on the Southern Pacific railroad the 
broad flat plains with gentle slopes rising to the foot of the mountains 
which project abruptly through them, as if thrown up and then half 
buried, attracted our attention. Towards the center of the valley the 
bottom is practically level and composed of fine sand. Nearer the 
mountains the material becomes coarser aqd coarser, also the grade is 
slightly steeper. A few miles from the mountains the material is a mix- 
ture of large sub-angular rock fragments to small well rounded pebbles, 
thrown together in heterogeneous confusion. 

It has been aptly said that this kind of valley has been formed by 
sheet erosion; for in this sub-arid region where cloud bursts are com- 
mon, especially along the mountain ranges, the whole valley is at times 
a sheet of water. This is of so general occurrence that the railroad 
company have raised their tracks from two to three feet and often put 
up a series of special ditches and embankments to protect against such 
floods, which have at times swept away two or three miles of track on 
an apparently level plain. 

The bed of the San Gabriel river, where the Southern Pacific rail- 
road crosses it, is a dry level valley but little lower than the surround- 
ing plain, which most of the year would scarcely suggest the existence 
of a river. 

The valley which extends inward to the east of Los Angeles is 
formed in a somewhat similar manner. It has been filled to at least a 
thousand feet with locally derived gravel and large boulders. A few 
wells have been sunk to 1,000 feet without striking rock, and the gen- 
eral character and heterogeneous mixing of different sized material 
continued the same from the top to the bottom. As this gravel furnishes 
much of the water for irrigation there are numerous wells of lesser 
depth, and all report the same conditions. From this it is evident that 
the original bottom of the valley is now below the present sea level, and 
is one of many indications of the comparatively recent subsidence which 
separated Catalina island with its mammoths from the main land. 

At the mouth of every canyon in the mountains along this vallev 
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there is a marked delta forming a cone of dejection. At Ontario, forty 
miles east of Los Angeles, the delta at the end of the canyon has a rise 
of 600 feet from the bottom of the valley to the mouth of the canyon, a 
distance of between five and six miles. The grade is much steeper 
near the canyon, and the material coarser and more angular. These 
deposits at first sight might lead one to think that they were of glacial 
origin, for in many respects they resemble such. However, a general 
view shows them to be too even in their topography. 

Within the canyon boulders five and six feet in diameter scattered 
in the bed of the stream show the marvelous transporting power of the 
apparently insignificant stream when swollen by sudden showers which 
visit these mountains. 

On ascending the canyon, the great talus slopes and the depth of 
weathering in the rocks (for solid surfaces seldom appear) give evidence 
that the lower part of the mountains has not been scoured by moving 
ice in recent geological time. These frost-cracked and deeply weath- 
ered crystalline rocks continue to the very summit. There is nowhere 
the slightest sign of ice action. All the semi-angular poorly sorted ma- 
terial at the mouths of these canyons was carried and deposited there 
by these ordinarily small streams, whose transporting power during 
floods, when pent up in the canyon, is enormous. Just beyond the 
mouth of the canyon, the flood spreads out and drops its load in the 
form of a delta cone. 

At Sea, March 16, igoo, Fred B. Wright. 
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Hayden river and lake, recently described by Prof. Geo. 
H. Stone, in the Colorado Springs Gazette- lies east of the 
extinct Florissant lake, and in the opinion of professor Stone 
was'somewhat earlier, having an outlet toward the east. 

University of Chicago. Mr. Stuart Weller, associate 
in paleontologic geology has been promoted to an instruc- 
torship, and Mr. W. F. E. Gurley has been appointed to an 
associate curatorship in paleontology. 

T. C. Hopkins, formerly of State College, Pa., re- 
ceived the doctor's degree in geology and petrology at the 
April convocation of the University of Chicago, His thesis 
is on "The Genesis of Certain Limonite Ores in Pennsyl- 
vania. 

Geological Society of Washington. The program for 
the meeting on April 11 was as follows: **River terraces 
in Southwestern Colorado,** Arthur C. Spencer; "Physio- 
graphic development of the Black hills*, N. H. Darton; 
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**Geologic aspects of southern California'*, Bailey Willis. 
The program for April i8 is as follows: "Notes on the 
geology of the upper White and Tanana basins", A. H. 
Brooks; "Reconnaissance along the Gans de Large and Koy- 
ukuk rivers, Alaska/' F. C. Schrader; "The siliceous ores of 
the Black hills",]. D.Irving. 

Iowa Geologists. The April number of "Annals of 
Iowa" contains a sketch, with portrait, of Mr. Frank Lev- 
erett. His work in glacial geology is discussed, especially 
**The Illinois Glacial Lobe", which is the title of a mono- 
graph (No. XXXVIII) prepared by Mr.. Leverett and re- 
cently issued by the U. S. Geological Survey. This sketch 
was prepared by Dr. Charles R. Keyes. In the same maga- 
zine notice is called editorially to the important contribu- 
tions to glacial knowledge made by Iowa geologists — Mc- 
Gee, Calvin, Todd, Leverett and Bain, — and to Dr. Charles 
A. White, formerly State Geologist of Iowa, who has been 
elected a foreign member of the Geological Society of Lon-» 
don. 

Meeting of the National Academy. The regular an- 
nual meeting of the National Academy was held in Wash- 
ington, April 18-20 inclusive. 

The attendance was not large, the following only being 
registered: Wolcott Gibbs, president; Asaph Hall, vice 
president; A. Agassiz, foreign secretary; Ira Remsen, home 
secretary: Charles D. Walcott, treasurer; J. S. Billings. H. 
P. Bowditch, C. J. Brush, A. Hague, S. P. Langley, S. New- 
comb, Cleveland Abbe, J. Asaph Allen, Charles E. Beecher, 
Lewis Boss, William H. Brewer, W. K. Brooks, Seth C. 
Chandler, Russell H. Chittenden, Cyrus B. Comstock, U. S. 
A.; George C. Comstock, William H. Dall, Edward S. Dana, 
Clarence E. Dutton, U. S. A.; William L. Elkins, Samuel 
F. Emmons, W/G. Farlow, Grove K. Gilbert, Theodore N. 
Gill, George W. Hill, S. Weir Mitchell, Edward S. Morse, 
Frederick W. Putnam, Charles A. Schott, William* H. 
Welch. 

Below is given a list of the papers presented: 

"The Anatomy of the Nautilus Pompilius", L. E. Griffin; 
"West Indian Madreporarian Polyps",}. E. Duerden; "On 
the Use of Electric Motors of the Shunt Type for Solving 
Linear Differential Equations of Any Order with Variable 
Coefficients", Reginald A. Fassenden; "On the Prediction 
of the Physical Properties of the Pure Metals", Reginald A. 
Fassenden; "An Explanation of Certain Features of the 
Semidiurnal Lunar Tide in the Ocean". Rollin A. Harris; 
"The Cruise of the United States Fish Commission Steamer 
Albatross in the South Seas, August, 1899, ^^ March, 1900", 
A. Agassiz; ''On the Zoogeographical Relationships of Af- 
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rica", Theodore Gill; "A Human Bone from the Glacial De- 
posits at Trenton, N. J.", F. W. Putnam; **Report of the 
Watson Trustees on the Award of the Watson Medal to 
David Gill", Simon Nesvcomb. 

Four new members were chosen: J. E. Keeler of the Lick 
Observatory; Henry F. Osborn and Frank Boaz of the Co- 
lumbian University, N. Y., and S. L. Penfield of New Haven, 
Connecticut. 

The Barnard medal, which is awarded every five years, 
was given to W. C Roentgen, the discoverer of the so-called 
X-rays. 

The new vork academy of sciences, section of ge- 
ology AND mineralogy. Dr. Alexis A. Julien and Dr. The- 
odore G. White were unanimously elected chairman and 
secretary, respectively, of the section for the ensuing year. 

Dr. Henry B. Kiimmel, assistant state geologist of New 
Jersey, read a summary of the information thus far collected 
in regard to the geology of **the palisades" of the Hudson 
river, illustrated by numerous views, many of them taken 
by Mr. Prince of Orange, N. J. Observers are nearly all 
agreed that the palisades are an intrusive trap sheet which 
has cooled at great depths. The basal contact is observed 
at nineteen localities, in fifteen of which the trap is uncon- 
formable upon the sandstone and shales beneath, and is pen- 
etrated by tongues of the latter, and in three is apparently 
conformable. The altitude of the lower contact increases 
from the south to the north, where it reaches 200 feet eleva- 
tion. The upper contact is seen in six localities. At three 
of these, dikes, penetrating the overlying shales occurred at 
the contacts, in two the contact is unconformable and in one 
conformable. In every instance the beds superadjacent to 
the trap are metamorphosed. In no locality of the Palisade 
range proper does the upper contact of the trap show any 
of the characteristics of surface cooling. Well-borings at 
Fort Lee penetrate 875 feet of trap, and the total thickness 
probably exceeds 950 feet, much erosion having taken place. 
Subsequent to deposition of the overlying sandstones the 
area was tiJted, and the sandstone washed away by erosion 
of many streams, the vacant channels of which are still pre- 
sent. The largest of these stream gaps was one and a half 
miles wide and is just north of the New Jersey state bounda- 
ry. The cutting of gaps throughout the dissected tilted 
peneplane which remains was very uniform and indicates 
that the former land level was 220 feet lower than the pres- 
ent. 

In addition to the wild scenery of the palisades escarp- 
ment, the timber of this tract is the most luxurious and val- 
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uable of the state of New Jersey, although the area is much 
less than that of the pine groves of the south. 

Prof. John C. Smock, state geologist of New Jersey, fol- 
lowed with an account of the efforts expended **On the pro- 
tection of the Palisades*' from devastation from quarrymen. 
Legislative prohibitions of such destruction is retarded by 
(i) lack of mterest in the matter on the part of residents of 
southern New Jersey, (2) prospects of the future commercial 
value of the riparian lands at the base of the cliffs for pur- 
poses of shippmg and manufacturing, which the removal of 
a portion of the cliffs would render available, (3) the pres- 
ent value to the State of its quarrying interests along the 
waterfront, (4) the income derived from riparian grants of 
these lands from the State to the quarrymen, which is de- 
voted to the maintenance of the public schools, the approx- 
imate value to the State for this purpose of the lands from 
Fort Lee to the state border being about one million dollars. 
This clash between the interests of the schools and the pre- 
servation of beautiful scenery is the most serious obstacle 
with which legislation against defacing the palisades has to 
contend. 

In the face of these obstacles it is evident that the whole- 
sale absorption of this territory for a purely sentimental ob- 
ject is impossible. The opposition to such a scheme 
could only be broken by years of fighting, and in the mean- 
while the destruction of the cliffs and wooded 8lop>es will 
continue with ever-increasing extent. 

As a compromise Prof. Smock proposed that an inter- 
state commission of New Jersey and New York lay out a 
driveway along the base of the palisades, quarrying, manu- 
facturing, and shipping interests to be confined to the water 
side of the driveway, and the cliff side to be permanently 
preserved intact after the drive is completed. Edinburgh, 
Quet)ec, and Sterling were cited as exhibiting rocky bights 
whose grandeur was enhanced by the fringe of manufactor- 
ies at their base, such building lending a basis of measure- 
ment to the eye by which to measure the proportion of the 
cliffs. Cliff defacement is also in progress upon the New 
York palisades, where are the grandest wooded slopes and 
highest peaks. There is no need of encroachment on the 
cliffs in either state, for there are many other places where 
as good material exists in equally great quantities and can 
be mined at practically the same expense. 
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REPgirr of a geological reconnoissance 

yTN WESTERN SOCORRO AND VALENCIA 
X COUNTIES, NEW MEXICO. 

By C. L. Hbrbick, President of the UniTersity of New Mexico. 
(Plat«s VIII and IX.) 

The time of elaborate journals of geological discovery has 
passed and there are few regions that are so inaccessible or 
little known that the casual record of what can be gathered 
by a rapid journey of exploration can prove of much real 
value. The following pages, however, while they present the 
geological work done along the route of a journey taken in 
the interests of the territorial university through a portion of 
the least known region of the territory of New Mexico, rest 
upon a foundation of more detailed study laid during the 
course of the work of the university geological survey for the 
past few years. 

The little party started by wagon from Albuquerque on 
the seventh day of December, 1899, and journeying westward, 
accomplished the traverse of the territory to its western 
boundary in five days, including stops and side trips. The 
return journey, by a different route, was made in the same 
time. Prior to this excursion several other shorter visits had 
been made to places along the route. The localities men- 
tioned may be identified by reference to the accompanying 
sketch maps. 

A part of the region covered in these excursions has been 
described by captain Button in his report on the Mount Tay- 
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lor district. Another part, the portion covered by the United 
State contour map, called the Albuquerque sheet, is described 
somewhat in detail in a report now being printed simultane- 
ously in the bulletin of the University Geological Survey and 
in the Bulletin of Denison University. 

Only a few words then will be required to introduce the 
reader to the field covered. By reference to plate VI 1 1 it will 
be seen that Albuquerque is situated in the flood plain of the 
Rio Grande, flanked on the east by a pleistocene mesa rising 
to the foot of the high escarpment of the Sandia mountains. 
These mountains are formed by a monocline, the western foot 
of which is marked by a succession of faults. The Carbonifer- 
ous, which on the eastern side of these faults is found at the 
summit of the range, is found on the west side of the fault at 
the general level, and toward the south the red series of Per- 
mian and Jura-triassicage are also at the surface of the mesa. 
To the northward, in the northeastern corner of the map, is 
the great mining district of the Cochiti mountains, in which a 
core of augite andesyte, or (Jiabase, is surrounded by a great 
sea of trachitic tufa with obsidian and brecciated phases. The 
andesyte is the ore-bearing rock, while the tufa is like a great 
barren wall about it. The tufa extends to the Rio Grande 
and in its soft faces are some of the most interesting cliff- 
dwellings in the west. Thousands of these dwellings attest 
ihe fact that the region was at one time densely inhabited. 
The tufa is penetrated at various places by lava flows of recent 
basalt. Especially is this true of the region at the northern 
mouth of White Rock canon, where it would appear that the 
river that at one time made its way through the Santa Fe 
marls, along the edge of the tufa, was blocked by the basalt 
and set back to form a great estuary or lake. It may be that 
at the time immediately following the period of basalt eruption 
the existence of such dams was so general as to have an ap- 
preciable effect on the climate. At any rate there are several 
instances of such lava dams. In the Rio Grande, below Albu- 
querque, we find evidence of a very extensive dam, to which 
we ascribe the accumulation of stagnant or slow-flowing water. 
l)y whose agency the pleistocene deposits of the valley, espe- 
cially the secondary marls described in the American Geolo- 
i;ist, July, 1898, were deposited. The tufa has a very char- 
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acteristic effect upon the clays of the region, as the native pot- 
ters have apparently learned to their sorrow. To illustrate 
this point we may digress a moment. Specimens of Indian 
com imbedded in what has generally been called lava have been 
found by various persons in the vicinity of the mountains and 
the theory has gained credence, even in professional circles, 
that there were cases where the pueblo buildings had been 
covered by the lava and that the corn found came from pre- 
historic graneries. Specimens brought to us were of so de- 
ceptive a nature that several expert geologists pronounced 
the material lava without hesitation. The writer, however, has 
been so thoroughly convinced that all the acid lavas of the 
region here covered are older than the basalts that he hesi- 
tated till the locality could be visited. Meanwhile the analy- 
sis of the supposed lava showed it to be acid with a composi- 
tion somewhat like obsidian but not typical. The composi- 
tion was more like a slag from a grate. • It was found after 
long search that the corn occurred in a ruined pueblo distant 
from any lava flow and that the material was simply vitrified 
adobe. The potter in attempting to use the highly alkaline 
adobe found that a small heat fused the material. In another 
instance on visiting a reputed prehistoric smelter we found 
the brick completly vitrified and on inquiry learned that the 
ruin was a part of a brick kiln erected a few years ago and 
abandoned because the clay vitrified and could not be used for 
the purposes intended. The information one receives re- 
specting archaeological matters in the south-west it is well to 
accept cum grano salis. 

Along the western bank of the Rio Grande for the whole 
extent shown in the map, is an extensive exposure of Neocene 
Tertiary sand, the so-called Santa Fe marl. As a matter of 
fact the marl is a thin sheet not exceeding twenty feet thick, 
reposing on several hundred feet of loose sands and gravels. 
It has been called Miocene by Cope, but the evidence seems 
to point to a Pliocene age for at least the upper part of it. 
North of Bernalillo it is covered by an extensive lava sheet. 
The lava is of recent basalt, which may be seen in several 
places penetrating the sands of the Tertiary, as described in 
the American Geologist, July, 1898! 

The Tertiary presents to the river high bluffs as the stream 
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passes south. Opposite Albuquerque is a smaller volcanic 
outpour forming five prominent cones overtopping the mesa. 
It seems that the lava does not rest on the marl and that the 
latter may be of later origin, though this cannot be absolutely 
afiirmed. Should this prove the case it will throw interesting 
light on the age of the lava and the marl. Adjacent to the In- 
dian villege of Isleta and especially opposite Los Lunas are 
other similar flows of basalt. These are parts of a great system 
extending the length of the territory and everywhere preserv- 
ing the same essential relations. The western margin of the 
Tertiary mesa is scarcely less abrupt, it being due to the ero- 
sion of the Rio Puerco waters and base-leveling extending 
from the flood plain of the river. The western boundary of 
the Tertiary is, however, further west and is formed by a very 
prominent and extensive fault line along which the upper 
Cretaceous in its lignitic division (Upper Fox Hills) is brought 
into abnipt contact -with the Tertiary. Nearly the entire west- 
ern part of the area represented upon the map is covered by 
Cretaceous strata. In the northern and south-western por- 
tions of our map, however, the underlying strata appear. First, 
in the northern portion. Here the Jemes or Nacimicnto 
range rises with a solid core of granite and othoclase por- 
phyry, shouldering its way through the Carboniferous and 
Permian strata and presenting a bold front to the West, while 
in its northern portions it rises by an almost imperceptible 
angle to the sudden granite escarpment of the western ex- 
posure. Between the tufa and trachyte of the Cochiti range 
and the Jemes ridge flows the Jemes river, a considerable 
creek fed from springs rising at Perea and the Sulphurs still 
further north. Both these localities are well worth careful 
. study from a geological point of view. At Perea is an outlier 
of the granite rising through the Permo-carboniferous lime- 
stone and forming a dam in the course of the natural drain- 
age. The underground flow rises m a score of natural springs 
of highly carbonated water, each with individual peculiarities 
adapting it to special uses. The main spring has formed a 
"soda dam'* across the narrow valley through which the water 
from above has cut a narrow channel. The dam is chiefly 
travertine, the term soda being derived from the idea that 
"soda water*' ought to precipitate "soda." The limestone 
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here is fossiliferous with a fauna of Permo-carboniferous age, 
including such species as Meekella striatocostata, Aviculopecten 
occidentalis, Terebratula bovidens, the large form or variety of 
Athyris argentea, Productus punctatus, Productus semireticu- 
latus, Productus longispinus, Chonetes granulifera, and many 
more. 

About twelve miles fartlier north is another group of 
springs which will some day be famous for its curative pow- 
ers. The sulphurs occupy a basin in the heart of a trachyte 
country and is an intensely volcanic neighborhood. A short 
distance to the south-east is a most curious crater, an area of 
oval form and about one third of a mile in diameter, level as 
a floor and surrounded on two sides by the wall of the La Jara 
mountain, while the remainder of its periphery is formed by a 
low dam of lava. The area is partly covered by a fine growth 
of pine timber. The natives call this crater '*el cajete," or the 
washtub. It is from this region that the great flows of ob- 
sidian and obsidian breccia have evidently been derived. In 
the basin of the sulphurs themselves the walls are chiefly 
formed of white tuff and about twenty springs of the most 
various character bubble up in the centre of mounds of their 
own making. Many of these are highly charged with sul- 
phurous oxide and deposit sulphur in large quantities. Oth- 
ers are highly carbonated. The deposits of sulphur are of 
great extent. Though the accommodations are as yet some- 
what primitive and access very difficult, the result of treat- 
ment in the case of many kinds of disease are often very re- 
markable. 

As one passes south from Perea the Permo-carboniferous 
soon dips out of sight and the red sandstones of what we have 
called the red or saliferous series of New Mexico assume the 
important place in the abrupt river bluffs. This series is 
capped with several distinct layers of tufa. Tertiary beds are 
exposed near the town of Jemes and the other Indian pueblos 
farther south and these are continuous with the Santa Fe marl 
below Silla or Zia. Extending south from the south end of 
the Jemez mountains is an elevated plateau of Permian rock 
consisting of reddish limestone and sandstone much mingled 
with gypsum. Although not fossiliferous at this point we 
have elsewhere in the territory found the lower member of 
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the "red series," called for convenience the "red beds/' with 
a very complete Permian fauna, including such species as 
Pseudomonotis hawni, Pseudomonotis striatus, Bakevellia 
parva, Pleurophorus subcuneatus, Aviculopecten occidentalis, 
etc. The upper part of the red beds is not fossiliferous and in- 
dicates a transition to shallow-water conditions, introducing 
the age of salt and copper as well as of gypsum. At the 
southern extremity of this mesa is a group of salt springs evi- 
dently derived from these beds. In fact, everywhere through- 
out the territory as well as in Texas and Kansas the red beds 
are highly charged with salt and gypsum. These springs are 
also carbonated and form raised mounds about their openings. 
South of the Rio Salado, which forms the southern bound- 
ary of this mesa, is a fine exposure of the next member of the 
series, namely, the gypsum. The gypsum extends in beds 
often over fifty feet thick along the western base of the mesa 
and northward to skirt the Jemez hiountains on the west for 
many miles. A curious instance of a focus of depression is 
afforded by the Serrita mesa, as the plain at the south end 
of the Jemez range is called. On the eastern and western 
sides the margin is uplifted and tilted toward the axis of the 
range. The gypsum beds appear near the base on the west 
side, while on the opposite side of the narrow valley the gyp- 
sum is at the top of the exposure. An amphitheatre is thus 
formed, the Necimiento amphitheatre, with a wall of red beds 
capped with gypsum extending from the south end of the 
Jemez mountains proper west for a short distance, then sweep- 
ing south, thence turning cast to arch about the south end 
of Serrita mesa. A section of the wall is as follows: 

Feel. 

Gypsum and calcium anhydride 50 

Vermicular gypsiferous shales 10 

White sand 15-20 

Pink sandy shales 62 

Red sandy shales 50 

Massive shales and sandstone 10 

Maroon shales 77 

Unex])Osed 44 

Continuing downward, after a hiatus of no great dimen-' 
sions, wc should find the limv lavers at the base of the Per- 
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mian, beneath which is the large sandstone and quartzyte se- 
ries known as the Alanzano or Permo-carboniferous sand- 
stone series. Still beneath is the limestone portion of the 
Carboniferous. These strata are shown, though much dis- 
turbed, in the foot hills of the Jemez range, especially on the 
west side east of the fault line extending along the base. 
North of the amphitheatre the strata lie parallel to the range 
and above the gypsum, which is now at the bottom of the ex- 
posure, is the Jura-triassic. We have found it possible to 
distinguish in this part of the series two portions which usu- 
ally differ in color and in lithological character. The lower 
member or middle division of the red series, that may in gen- 
eral be compared to the Triassic and has been so identified by 
Cope and Newberry, though they were apparently not aware 
of the relations of the Permian, has a prevailingly darker color 
and has been termed the chocolate beds. The thickness of the 
chocolate beds is not much over 500 ft. and they are followed 
by about 250 feet of yellow sandstone or quartzyte, which 
may be considered the basal members of the vermilion or up- 
per beds. The chocolate beds in other parts of the region are 
altered to indurated quartzytes characterized by the presence 
of light spots of variable size. The upper or vermilion beds 
are composed of bands of indurated sandstone with shales of 
bright vermilion or green color intervening. Where typically 
developed this is a very characteristic portion of the series. 

At the top of the red series is a band of variable width 
composed of pulverulent white and yellow sandstone, which 
here marks the base of the Cretaceous. It appears that in 
the Nacimiento region as well as in the Rio Puerco valley 
the Dakota group is entirely absent. West of the Nacimiento 
amphitheatre and continuing southward the Cretaceous ap- 
pears in successive step-like escarpments which are cut 
through by the western and southern tributaries of the Rio 
Salado. 

Through these strata a series of basalt necks has broken 
like a black pimply eruption dotting the area west of the Rio 
Salado. Erosion of the soft strata has tended to leave the 
volcanoes isolated from their surrounding flows in the form 
of basalt **nccks" fully described in the report on this region 
by captain Button. The most north-easterly of these necks 
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is the remarkable Cabazon peak, which forms an interesting 
landmark conspicuously visible for many miles in all direc- 
tions. South-east of Cabazon is a large, flat-topped table-land, 
Mesa Prieta, upon whose sides over a thousand feet of the 
Cretaceous are visible, the whole being capped by basalt, prob- 
ably derived from the ancient Cabazon crater. Isolated buttes 
and hills to the south-east permit one to inspect the several 
members of that series to advantage. In the valley of the Rio 
Puerco farther south the whole series of Cretaceous as found 
in this area is exposed with a dip to the east and south-east. 
The sequence is as follows, beginning at the bottom: 

Feet. 

White and yellow sandstone 75 

Dark and yellow shales loo 

Fossiliferous zone with bands of sandstone and flags, 

(Gasteropod zone) 25 

Yellow shales 100 

Massive sandstone with large concretions, 

(Tres Hermanos sandstone) 75 

Shales with occasional flags (at least) 100 

Zone of concretions with sandy flags (Cephalopod zone) 25 

Shales 80 to 1 00 

Fossiliferous sandstone (Punta de la Mesa 

sandstone) 25 to 50 

Shales and flags (about) 100 

A series of yellow fine-grained sandstone and 

shales estimated at over 1 200 

White massive sandstone alternating with bands 
of lignite from 25 to 75 feet thick of 
which there are three prominent bands 
accompanied by remains of deciduous 
trees, the whole being over 250 

Massive white and ferrugineous sandstone with 
numerous marine fossils in its lower 
portions while at the upper part are teeth 
of sharks and other vertebrate remains. 
Entire thickness exposed perhaps 500 to 600 

At this point the Cretaceous is cut oflf by a fault which 
brings it into direct contact with the lower portion of the 
Tertiary sandstone exposed in the western face of the Albu- 
(juerque mesa, i. e., the extensive table-land on the west side 
ot the Rio Grande valley opposite Albuquerque and topped 
l)v the so-called Santa Fe m.arls. 
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Our route after crossing the Albuquerque mesa and the 
valley of the Rio Puerco, was south-westward. Rising through 
the Cretaceous sandstone in the Rio Puerco valley some 
twelve miles south of San Ignatio is a curious volcanic peak of 
a red color and marked on the government map as "red sand- 
stone hill." This is the sole member of the trachyte series 
of eruption seen in the whole region. It is quite different 
from the basalt cones elsewhere in evidence and is greatly al- 
tered. The metamorphic action on the penetrated strata is 
also very pronounced, while the effect of the basaltic intru- 
sives is usually comparatively slight. Incidentally this expos- 
ure affords proof elsewhere difRcult to obtain directly of the 
post-Cretaccous age of the trachyte eruptives. 

Continuing south-east toward the Arroyo Salado the route 
passes over the edges of the Cretaceous, the dip here being to 
the north-east till in the abrupt escarpments presented to the 
valley of the Rio San Jose and easily seen by the passenger on 
the Santa Fe and Pacific R. R., the red series is exposed 
throughout its entire thickness. At the base at the foot of 
Mesa Negra there are limestone and lime-breccia beds inter- 
calated between sands and shales of red and green. These un- 
doubtedly belong to the Permian and ?re merged above into 
hard red sandstone. Above this sandstone is a layer 25 feet 
thick of green and chocolate sandy shales followed by 75 to 
100 feet of fine pink sand, this by 25 feet of loose white sand, 
and this, in turn, by 20 feet of yellow ochraceous sand. Then 
follows the peculiar vermicular gypsiferous shales which in- 
variably precede the gypsum beds. Here the shales are about 
10 feet thick, while the gypsum is so eroded that it is difficult 
to estimate the thickness, but it is probably between 75 and 
100 feet. At this zone, as elsewhere, salt is evidently present, 
for the springs which issue from the sandstone below are high- 
ly impregnated with salt. The springs at the foot of Mesa 
Negra, for example, are surrounded by incrustations of quite 
pure salt and the water itself is very distinctly saline. The 
same thing is true of the springs along the entire escarpment. 

Above the gypsum appear the chocolate beds which bridge 
the interval between the top of Mesa Negra and Mesa Gi- 
gante in whose perpendicular face the upper or vermilion beds 
appear. We cannot at this time give accurate measurements 
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of these two members. The red bed escarpments extend far 
westward and turning south, from the western boundary of 
a considerable low plain south of the railroad and west of 
Mesa Lucero. This plain is covered for a large part by ba- 
saltic flows whose origin is in a series of lava cones and up- 
lifts extending far to the south. Permian strata rise from 
the plain here and there and at its southern end is a consider- 
able stretch of white (gypsiferous?) marl, reminding one of the 
region of the "white sands" in Otero county. In the low hills 
south of this plain the lime and sandstone of the Permian ap- 
pear and are greatly altered by the basaltic instrusives. Mesa 
Lucero apparently is formed from rocks of the red series cap- 
ped by Cretaceous, and the same may be said of the great 
ridge or monocline which continues south for over twenty 
miles. The greater part of this range is lava-covered at the 
north and in its eastern exposure is exhibited the gypsiferous 
and saline series in a most interesting manner, though much 
broken by faults. East of a valley from five to eight miles 
wide the Carboniferous limestone forms a second prominent 
range which is cut at frequent intervals by cross valleys. Here 
one may collect the usual assemblage of Carboniferous and 
Permo-carboniferous fossils as well as in the ranges to the east 
of the river. Salt water is found in many springs lying be- 
tween these ridges. The thirsty traveler is apprised of this 
unwelcomed fact even at a distance by the absence of the 
tracks about the pools and streams of clear water. The red 
bed series here will well reward study, both from a geological 
and from an economic standpoint. 

West of the great monocline is a high fertile valley in the 
rocks of the red series, which are everywhere covered by basalt. 
The decomposing basalt affords the material for the soil that 
supports excellent **grama grass." Still westward extends the 
great lava area, in unbroken blackness, covering hundreds of 
square miles. Our route took us down the valley east of the 
great monocline as far as to the Rio Salado. It was interest- 
ing to note the great dykes of porphyritic instrusive that strike 
north for many miles, at the eastern foot of this ridge. The 
main dyke is in some places 20 to 30 feet wide and rises above 
the soft sandstone and shale of the Cretaceous, which is at 
the surface in the southern part of the valley, in mural and 
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castellated forms to ^ hight of 25 feet or more. The rock 
has not been examined as yet, but appears to the eye like the 
soda porphyrjrtes and syenytes of the Ortiz region. Crossing 
this ridge by a rough and romantic road we descend to an 
irregular depression north of Bear mountain. The rocks are 
largely of the red series and the waters are accordingly largely 
impregnated with salt. The basalt sheet marks the northern 
walls of this area, which has some portions densely punctured 
by basalt cones and dykes. The Cretaceous appears beneath 
the basalt sheet as we pass west while the red series gradually 
sinks from view. East of Tres Hermanos is an exception- 
ally good exposure showing the three members of the red se- 
ries and a considerable amount of the Cretaceous above. The 
same sequence is observed at this place as near Albuquerque. 
The Dakota sandstone appears to be absent and the so-called 
gasteropod zone is within a hundred feet of the bottom, with 
fossils of Fort Benton age, followed by a band of sandstone 
with enormous concretions. After a series of soft shales the 
zone of cephalopods appears and then the Fox Hills sand- 
stones with their large marine assemblage. 

West of the long tongue oi lava-topped mesa that terminates 
in the three basaltic peaks of Tres Hermanos is a valley ex- 
cavated in the Cretaceous and numerous exposures of the Fox 
Hills lignite occur here as well as south of the Alamosa river. 

Passing up Alamosa river, which is chiefly excavated in 
the Cretaceous, the dip again becomes easterly and the strata 
rise about with the inclination of the valley. At range 8, north 
of the Alamosa, is a curious mountain formed by the protru- 
sion of a basaltic neck through the soft strata. This "Turtle 
mountain" forms the southern projection of a long terraced 
ridge at the foot of which is a good exposure of the maroon 
sands and marls of the vermilion division of the red series. 
Above this, in successive benches the sands and shales of the 
Cretaceous are finely displayed and follow the same sequence 
as in the Rio Puerco region. In the yellow sands of the 
Upper Fox Hills it is interesting to find numerous dicoty- 
ledonous leaves, and this is true in all exposures seen, esjxrci- 
ally in the neighborhood of the lignites. 

It would seem that these have led to the identification of 
the beds in question and the associated lignites with the La- 
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ramie, though the species, so far as known, are not Laramie 
plants and the lignites are followed by marine (Fox Hills) 
shells in great abundance. 

The Datil and Gallina ranges are composed of trachyte 
and rhyolyte intrusives of the same age as those of Bear 
mountain and the western flows of the Magdalenas. 

Ascending the Alamosa to a point north of the Datil, the 
dip increases and brings the red series to the surface. Im- 
mediately north of the Datil mountains is a large plain cov- 
ered with a loose brownish-red sandstone the age of which 
is conjectural. It appears to have been derived from detritus 
from the range and is probably Tertiary. From the western 
extremity of the Datils is a most remarkable dyke of basalt 
or doleryte ten or fifteen feet thick, which extends as far as 
eye can reach in a direction somewhat west of north. Passing 
west, the country becomes a vast sparsely-wooded plain. In 
about range 13 is a second north and south dyke like the one 
above mentioned. The country rock, so far as exposed, is a 
white shaly sandstone which may possibly be Cretaceous. In 
the barren plain lying west of this dyke marl is the surface 
stratum till the valley of the Mangoes is reached. Here we 
again enter the region of the red series and gypsum at the 
top of the characteristic Permian red beds appears in the 
bluffs below Quemado. About eight miles down the valley 
from Rito Quemado the valley has at some time been 
dammed by a flow of basalt which extends both to the east 
and the west in an extensive sheet. The stream has cut for it- 
self a narrow passage through the dyke, and here is the site 
for a large reservoir that would irrigate an extensive region 
below. Very little expense would thus reclaim a large area. 

Only a short distance north of this place is a remarkable 
fault which passes across the valley in a north-easterly direc- 
tion and serves to bring the Cretaceous on the north in juxta- 
position with the red beds on the south along a line easily 
traced by the eye at a distance. Frequent lava cones are 
characteristic of this entire region, but our route to the north- 
west is over rather rolling country with hills in which the Fox 
Hill Cretaceous appears. Small lakes of storm water are 
scattered over the land in depressions lined with shale. Roads 
converge toward a slight elevation and the country is marked 
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by the tracks of innumerable cattle and sheep. Suddenly we 
descend almost without warning into a large circular basin 
from the centre of which rise two cones of black basalt. The 
walls of the depression, which is somewhat over a mile in 
diameter, are formed of Fox Hills sandstone on the south, 
east and west, while the northern wall appears to be of basalt. 
The two basalt cones some no feet high are approximately 
in the centre of the basin and the western one still preserves 
its conduit, which, in this case, is filled with a saturated solu- 
tion of pure salt. The salt lake is oval and about 210 feet long 
by 150 feet in width. Weeds blown into this crater lake are 
soon covered with crystals of pure salt. The second of the 
two peaks, about 150 feet to the northeast, is a solid cone. 
North of these cones is a shallow lagoon of salt water, evi- 
flently fed from the crater lake. The lagoon is some 4,000 
or S,ooo feet long and about half as wide, and has been the 
source for salt for the whole region for an unknown period. 
The Zuni Indians assert a special claim upon the lake and as- 
sociate with it numerous curious superstitions. It is asserted 
by those who have gathered salt here, that by opening springs 
at the base of the cone the supply of salt in the lagoon was 
increased. Numerous fresh-water springs flow into the 
lagoon from the margin of the depression, yet the water in 
the lagoon during dry weather is a little more salt than that 
from the crater. The specific gravity of the lagoon water in 
December was 1.205, corresponding to about 26.08 salt, while 
the crater water is 1.145, corresponding to salinity of 19.03 
per cent. It was not possible accurately to estimate the 
amount of salt deposited in the lagoon, but at least three 
layers are known from eight to four inches thick, and large 
amounts are continually removed. The process is, however. 
a continuous one, as new precipitation is continually going 
on. A conservative estimate of the amount of salt in the 
water alone is 700,000 tons. 

The origin of the salt cannot be a difficult matter to ac- 
count for, in view of the fact that the conduit of the crater ex- 
tends to an unmeasured depth, evidently reaching into the red 
series which appears at the surface in the bluffs of the 
Carrizon. 

The depression about the cones has at some time been 
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covered by the lagoon which has shrunken to its present di- 
mensions comparatively recently. The salt is practically pure, 
and when removed from the lagoon requires only to be 
washed in the brine of the lake to be sufficiently pure for table 
use. The salt has been used extensively in the amalgamation 
pans at White Water mill and is said to give better satisfac- 
tion than the Kansas salt used for the same purpose. 

The conditions which led to the opening of this old vol- 
canic conduit offer room for interesting speculation. It might 
be supposed that the gradual solution of the salt deposits per- 
mitted the neck to drop out of its place in the soft strata, or 
that the final eruption left the conduit open. At any rate, 
percolating water gradually dissolves the salt and allows it to 
rise in the crater whence it diffuses into the lagoon. The 
scene is an animated one when the Mexican miners in their 
shallow punts are engaged in gathering the salt by means of 
forks of many tines from the bottom of the lagoon. It re- 
minds one of the similar process carried on in the salt lagoons 
on the Tres Marias islands, though the deeper water makes 
it necessary to secure the salt by diving in the latter place. 
It would be possible to manufacture a very fine clean salt by 
employing the same process as is used in the Tres Marias. It 
would only be necessary to lay off a portion of the depressed 
area into shallow earthen tanks or basins a few inches deep, 
surrounding each basin with a raised bank. The basins 
should be in ranges at successively higher levels and com- 
municating with each other. The brine being pumped into 
the upper tiers would flow from one to the other tier as de- 
sired, and evaporation could be controlled very readily. The 
greatest difficulty would be encountered during the windy 
season, and it might be necessary to suspend operations for a 
part of the year. Suitable wind-breaks and sheds might also 
be arranged. In this way a fine article could be secured at a 
minimum cost. The tanks should be lined with gypsum ce- 
ment, the materials for which are at hand in any desired 
amount. 

Turning northward the country is covered with the various 
members of the red series which occupies the surface over 
the entire western portion of our map including the Zuni 
country. A tongue of Cretaceous projects south-westw^ard 



to a poiiit west ot Crater Lake and connects eastward >*-ith the 
great Cretaceous area west e£ the lava beds. This Cretaceous 
is of Fox Hiils age and carries lignite beds of considerable 
thickness. \'enr characteristic of the middle portion of the 
bheet is the great flow of basalt which extends in a south- 
westerly direction from San Rafael for nearly nfiy miles, E\*i- 
dently the great vaDey to the west of the high Cretaceous 
mesa forming the eastern boundar>- of the sheet had been ex- 
cavated prior to the flow, for in some places, especially to the 
north, the impotent waves of congealed lava can be seen at 
the very foot of the abrupt escarpment \rith all the evidence 
of movement still risible upon the surface of the flow. The 
tongue of granite thrust in from the north is surrounded by 
Carboniferous strata capped by the Permian, The red beils 
appear in the hills on the west side of the lava near San Rafael 
and evidently the red series extends below the lava, for it ap- 
pears in many places under the Cretaceous east of the lava. 

The road lies at the foot of the cliffs and passes through 
the narrow interval between the cliffs and the lava beds, in 
some cases traversing the latter for short distances. As we 
pass northward the top of the red series emerges, so that we 
are able to examine the lower Cretaceous very satisfactorily. 
Here, however, a member of the series appears which was 
not seen elsewhere in the course of our journey, viz: the Da- 
kota sandstone. The entire thickness of this sandstone is here 
not over 75 to 100 feet, and the red sands and marls below arc 
evidently of the vermilion beds. The Dakota itself is a rather 
coarse, massive and pulverulent yellow sandstone which loiuls 
to assume mural and grotesquely architectural forms in the 
numerous outliers. It is followed by 25 feet of white satul- 
stone like that forming the base of the series in the Tuerci) 
valley. 

Above the Dakota the succession seems to be as else- 
where in this region. Crossing the Cretaceous mesa we reach 
the railroad at McCarty*s, pass down the river to Laj;nna 
with its curious combination of pueblos and modern depart- 
ment stores and thence turn northward to skirt the j^reat 
basalt sheets extending eastward from Mt. Taylor. The small 
dykes cutting through the Cretaceous strata in this region 
and the great necks of basalt here and there visible have been 
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described by captain Dutton. From Paguate, an interesting 
pueblo with well cultivated orchards, we continue north- 
eastward through a Cretaceous area where the strata are 
nearly horizontal and so are exceptionally easy to study. 
Suddenly a series of extensive north and south fault lines ap- 
pear, on the eastern side of which, some six miles west of San 
Ignatio, we find the upper lignite-bearing Fox Hills beds at 
a level occupied on the west by the **Gasteropod zone" of Fort 
Benton age or older. The country is indescribably dreary, 
being of such loose texture as to support no vegetation. At 
San Ignatio we enter the region already described, having 
hastily explored an area of over 12,000 square miles. 

One is deeply impressed by the homogeneousness of the 
geology of this large area and the evidence of uniform condi- 
tions existing throughout. This uniformity is also seen in 
the economic products. In its proper place at the top of the 
Permian the gypsiferous and saline deposits are so generally 
present that one comes to rely with great assurance upon 
finding salt springs along these exposures. The amount of 
salt and gypsum is truly enormous and there seems to be no 
doubt that the salt deposits will some day be of enormous 
value in the development of the territory. In quantity- and 
quality they will be found to exceed the similar beds in Kan- 
sas and Texas. 



Description of Plates. 

Plate VIII. 
Sketch map of part of Bernalillo and Valencia counties, New Mexico. 
Plate IX. 

Sketch map of part of Valencia county. New Mexico. The relation 
between the two maps will be correctly orientated if plate IX be turned 
at right angles to plate VIII and the line of the Atlantic and Pacific 
railroad as marked on the upper right hand corner of plate IX be made 
to join the same line in the lower left hand corner of plate VI 11. 

The geological data are approximate. 
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CORRELATIVE RELATIONS OF CERTAIN SUBDI- 
VISIONS OF THE COAL MEASURES 
OF KANSAS. 

By Cbaslbs B. Ketes, Des Moines, Iowa. 

During the lustrum just past, unusual activity has marked 
the geological investigations of the coal-bearing formations 
of the Western Interior basin. The entire area has been 
more or less carefully examined anew. The stratigraphy of the 
whole district may now be considered as being fairly well un- 
derstood according to the modern principles of geological cor- 
relation. All the states within the limits of which this coal 
basin extends — Kansas, Nebraska, Iowa, Missouri, Arkansas, 
and Indian Territory — have made noteworthy contributions to 
our knowledge of the subject. 

Most of the earlier investigations were' either of the char- 
acter of rapid reconnoissances, or they were limited by state 
borders. Little opportunity was offered for comprehensive 
examinations unrestricted by political boundaries. The scien- 
tific work done was usually state work. Each state had to 
set up standards of its own. In consequence, it has not al- 
ways been beyond doubt just what were the exact relations 
between the subdivisions recognized in one state and those 
of another. Even in different parts of the same state the 
stratigraphical equivalency of the various coal beds could not 
be more than approximately surmised. 

Of late, much has been done to completely change this 
condition of affairs. We may now be regarded as being in 
possession of the necessary data to enable the various correla- 
tions to be made with measurable accuracy over the entire re- 
gion. 

It is now nearly half a century since the earliest pioneer 
work in geology was done in this region. While all of it was 
carried on in a more or less disconnected manner there is 
much of it that was accomplished with a surprising degree of 
accuracy, that is of lasting value, and that will always possess 
a peculiar interest. 

From the literature alone, it is not always, without con- 
siderable difficulty, that these early results can be compared 
with the later; but, when once reviewed in the field, the astute- 
ness with which many of these first observations were made 
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would compare favorably with some of the most recent. As a 
rule, later workers in this field have done little towards com- 
paring the earjier results with their own. Some have ignored 
this phase of the subject altogether. Others have referred to 
it only incidentally. The general desire has seemed to be to 
pass over it all as quickly as possible and without definite allu- 
sions. 

All geologists acquainted with the geological literature of 
the Mississippi basin know that Swallow, Hawn, Meek, Hay- 
den, Broadhead, and others, traversed the region extensively. 
Yet, we find in most of the later literature little attempt to 
recognize these early efforts. Those scientists personally ac- 
quainted with the men named know that they were keen ob- 
servers, and that they did good work in this and many other 
fields, even though they did at times make some mistakes. 

In Nebraska Meek's work has been made much of. In 
Iowa and Missouri the pioneers have been referred to time and 
again. In Kansas one would almost be led to believe tliai 
there never had been any pioneers in geology. Lately, how- 
ever, Prosser has reviewed some of the earlier work in central 
Kansas and has correlated it all with his own results. This 
effort has really furnished us the first definite connection be- 
tween the old work and the new. 

In the recent rather extended inquiry into the stratigraphy 
of the whole Trans-Mississippi coal measures personal interest 
in the previous work and especially the pioneer efforts has 
been, as the investigation has gone on, more and more keenly 
aroused. Through this personal investigation, an insight into 
the working methods of these early geologists, and into the 
often insurmountable difficulties with which they had to con- 
tend, and the manner of reaching their conclusions, was gained 
that seems worthy of special note. 

In the present connection attention is called briefly to some 
of the labors of G. C. Swallow in eastern Kansas and south- 
western Missouri, and the remarkable similarity of the results 
that he obtained 40 years ago concerning the subdivisions 
which he thought should be recognized in the coal measures, 
and the conclusions arrived at, practically independently, by 
later workers. 

In 1866, Swallow published his official PreHminary Report 
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of the Geological Survey of Kansas, a little octavo volume 
of 200 pages. In it he gives a very detailed general section 
of the Carboniferous rocks of the eastern part of the state. 
Descriptive notes characterize the different beds, their fossili- 
ferous contents are often listed, and localities where sections 
are best seen are given. To some of the more important mem- 
bers special names are given, some of them geographic. Of 
Miami county, on the eastern border of the state, he gives an 
especially clear and detailed account. Many of Swallow*s local 
names are still widely known in Kansas, yet there has been no 
way of making comparisons with the new classifications of 
the rocks. The recently issued geological reports of Kansas 
give but faint clue. In these volumes one must almost look in 
vain to find out whether such men as Swallow, Broadhead, 
Meek and Hayden had ever entered the state, much less pub- 
lished extensively on their important explorations. 

The recent classification of the median Carboniferous 
strata of eastern Kansas is about as follows: 



Series 


Tbrrane 


THICKNBhB 


Hissonrlan 


Cottonwood limostono 
Atchison shales 
Forbes limestones 
Platte shales 
Plattsinonth limestoues 
Lawrence shales 
Stanton limestones . 
ParkvlUe shales 
lola limestone 
Thayer shales 
Bethany limestones 


10 

.500 

25 

105 

30 

265 

35 

75 

30 

50 

75 


Des Moines 


Marais des Cygnes shales 
Henrietta limestones 
Cherokee shales 


50 
200 



The thickness of the different terranes varies considerably. 
The thickness of some of them is more than double the figures 
here given. The section, however, may be taken as a standard 
for comparison. 

The importance of Swallow's work, historically considered, 
lies in the fact that some of his geographic names applied to 
geological terranes will have to stand as valid terms. Swal- 
low's correlations, however, were bad, and it is probably on 
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this account, as well as the inaccessibility of his report, that. 
by later writers, his work has been passed over, or regarded 
as wholly worthless. There is, however, a large proportion 
of Swallow's work that is not only good, but that is really 
marvellously well done for its day and under the conditions 
under which it was accomplished. In fact, so keen were his 
observations and so comprehensive his conclusions that his 
final arrangement of the strata of the region differs in no ver>- 
essential features from that proposed by writers who entered 
the field a full generation afterwards, went over the ground 
independently, and gave the terranes new names. This later 
work only emphasizes the previous correctness of some of 
Swallow's conclusions, and justness of his claims to fuller 
recognition. 

Swallow's general geological section of Kansas was con- 
structed by piling local sections upon one another. The strata 
were numbered in order, as well as described, and some were 
given special names. His correlations of beds in other parts 
of the state with those of the typical localities were faulty be- 
cause he depended altogether on paleontological and lithologi- 
cal similarities, and because he was unable to directly connect 
the various sections stratigraphically. It did not occur to him 
that in what we now know as the Missourian series, for ex- 
ample, there was a constant repetition of similar limestones 
and shales. The sections on the eastern border of the state 
were thought by him to 'be followed immediately by the beds 
exposed on the Kansas river from Topeka westward. Almost 
all of the section, of 500 to 1,000 feet, between the lola and the 
Atchison (Wabaunsee) shales was thus omitted. However, 
these errors do not render the whole of his work unworthy of 
notice. 

A careful examination of Swallow's published section of 
Kansas, and his known movements while prosecuting the sur- 
vey, show very clearly that he based his general section chief- 
ly upon the observations made in two localities — one on the 
eastern border of the state, in Miami county, along what we 
now call the Osage river, and the other a hundred miles to the 
northwest, along Mill creek and the Kansas river, in Wabaun- 
see and Riley counties. These localities, therefore, may be 
taken as the typical localities; all others mentioned being cor- 
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related localities. It makes little difference, so far as present 
considerations are concerned, whether or not the correlated 
sections were, by Swallow, correctly paralleled. The worth 
of his work as a whole must be judged by the correctness of 
the observations at the typical places. 

In the lower Coal Measures, or Des Moines series, Swal- 
low's Lower Coal series constitutes the major part of what is 
now called the Cherokee shales. Included in the latter, how- 
ever, are his Fort Scott Marble series, which is composed 
chiefly of unimportant shales, and the lower shaly portion of 
his Fort Scott Coal series. The principal limestones of the 
last named "series" and the whole of his Pawnee Limestone 
series forms what has since been termed the Henrietta terrane. 
The thickness of these was very much overestimafted by 
Swallow, but not more so than is to be expected under the 
circumstances under which he measured them. 

When we come to the beds called by Swallow the Marais 
des Cygnes Coal series it is questionable whether the term 
could not be regarded as essentially coextensive with the later 
called Pleasanton terrane. The recognized basal limits of 
both are the same. With very slight change the upper limita- 
tion of the Marais des Cygnes could be made to coincide with 
the base of the Bethany, the same as the Pleasanton. The 
great thickness ascribed to the Marais des Cygnes Coal series 
is manifestly largely due to repetition of the section. Swallow 
himself states that "some of the strata may be duplicated in 
this series, as they are very much disturbed where the sections 
were made." He also says of certain localities that it is almost 
impossible to make a correct section. It is not improbable, 
also, that, owing to the lack o£ good outcrops in this level 
country of eastern Kansas, he mistook, in his correlations, a 
part of the Thayer shales for shales underlying the Bethany 
(his Well Rock series), as he did in the case of what is now 
known as the Lawrence shales. However the chief localities 
given are all east of the line of the Bethany escarpment, in- 
dicating rather clearly that there was actually a duplication of 
beds in this part of his section, as he suspected. The appro- 
priateness of the title Marais des Cygnes, from the river of 
that name, is further indicated by the fact that at that time 
the term covered also all that part of the Osage river above the 
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junction of the Marmaton, and not simply the stream in its 
present restriction. 

Omitting the bottom shales, there can be no doubt as to the 
Well Rock series representing what we now call the Bethany 
limestone. The evidence offered by the Miami county section 
is conclusive. Moreover, the thickness given is only about 
three feet greater than is now generally ascribed to the Beth- 
any of this region. The correlations are in the main wrong. 
It is clearly shown that he mistook the Plattsmouth limestones 
at Lawrence and Leavenworth for the terrane in question. 

Swallow's Spring Rock series, together with the local sand- 
stone is so clearly the exact equivalent of the Thayer shales 
that no question can arise as to the identification. The thick- 
ness, however, was estimated to be over double what it really 
is. Neither is there any doubt about the Cave limestone being 
the same as the lola. In Miami county its maximum thick- 
ness is placed at 30 feet, which is the same as recorded for the 
lola a little farther north at Kansas City. 

As for the Stanton limestone, which is named after the 
town of that title in the western part of Miami county, it is 
unquestionably the same as the Garnett of later Kansas 
writers, or the lower member of Broadhead's Plattsburg. The 
lower shaley portion of the Stanton Limestone series cor- 
responds to the Parkville shales, and has ascribed to it about 
the same thickness as is known farther north on the Missouri 
river. The correlation made by Swallow of the Stanton 
limestone, as developed in the original locality on the Marais 
des Cygnes river, and that stratum of the same title in the sec- 
tion west of Topeka is of course erroneous, for it is now 
known that there is a stratigraphical interval between the two 
localities of more than 500 feet which is occupied by the Law^- 
rence shales, Plattsmouth limestones, Platte shales and the 
Forbes (Burlingame?) limestone. 

Prosser makes the statement* that Wabaunsee formation 
extends upward from Swallow's No. 154, which is a few feet 
beneath the "Stanton limestone." This cannot, of course, refer 
to the section containing the typical Stanton limestone, but to 
its supposed representative in central Kansas, which is a very 
different thing. 

♦Journal Geology, vol. Ill, p. 694, 1895. 
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The upper part of Swallow's general Kansas section has its 
typical development along the Kansas river west of Topeka. 
The Chocolate Limestone series, the Upper Coal series, and a 
small part of the Lower Permian are contained in what is 
called the Atchison — ^the Wabaunsee of Prosser. 

In attempting to arrive at a true estimate of Swallow's 
work in Kansas it may be inferred that, in the main, his clas- 
sification of the Carboniferous rocks was not very different 
from that accepted at the present time. The two principal er- 
rors are readily seen, and, therefore, do not affect seriously the 
main theme. It may be further stated that the terranes, to 
which Swallow gave definite geographic titles, being easily 
recognizable and stratigraphically capable of location, should 
be recognized by the names he gave them. 



SECTION OF THE ALLOWAY, NEW YORK, WELL. 

Bt Charles S. Prosser, CTblumbas, O. 

Since the publication of my paper on the **Ga8-well sec- 
tions in the Upper Mohawk valley and central New York,* 
I have received samples from a well drilled at Alloway, 
three miles south of Lyons, N. Y. The well is 21 miles W. 
N. W. of Auburn near which city is the well farthest west 
described in the paper just mentioned. The samples from 
this well were obtained by Mr. Christie A. Hartnagel, a re- 
cent graduate of Union College, who has correctly identified 
the several formations penetrated by the well. During the 
greater part of the drilling Mr. Hartnagel visited the well 
twice a week, had samples saved when there was a change 
in the lithology of the rock and measurements taken in his 
presence. 

The well began in the Salina formation and solid rock 
was reached at a. depth of 20 feet. 

Section of the Alloway Well. 

NO. OF DEPTH IN 

SAMPLE. FEET. DESCRIPTION OF SAMPLE. FORMATION. 

I 200 Mostly fine light gray powder, but the 

largest chips are greenish. Slight ef- 
fervescence in cold HCl which is in- 
creased slightly on heating. Salina 

♦American Geologist, vol. XXV, March, 1900, pp. 131-163. 
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2 350 Dark red, rather arenaceous shale, 

which is sh'ghtly calcareous. Salina 

3 400 Somewhat darker red, argillaceous 

shales which are slightly calcareous. 
Mr. Hartnagel states that at this hori- 
zon the brine was strongest, \i% per 
cent NaCl. Salina 

4 580 Very dark gray fine chips which effer- 

vesce strongly in cold HCL. Niagara 

5 650 Coarser chips, mostly dark gray, but 
* some of them lighter colored. Effer- 
vescence not so strong in cold HCL as 
in the previous sample. Mr. Hart- 
nagel reported, at this horizon, the 
g^reatest flow of gas which burned with 

a flame about 4 feet high. Niagara 

6 700 Similar to the first sample of Niagara, 

Strong effervescence in cold HCL. Niagara 

7 980 Mostly light red argillaceous or slightly 

arenaceous shale. Some greenish 

chips. Non-calcareous. Medina 

8 1016 Dark red arenaceous chips; fine grained 

sandstone. Medina 

9 1 21 8 About the same as the preceding, but 

chips are finer. Mr. Hartnagel re- 
ported gas from this horizon. Medina 

10 1430 Mostly dark red sandstone chips; some 

argillaceous shale. Medina 

1 1 1665 Quite coarse dark red arenaceous chips 

from sandstone. Medina 

12 1930 Mostly greenish-gray arenaceous chips 

from fine grained sandstone; some blue Oswego 
argillaceous shale. sandstone' 

The well was drilled 435 feet deeper, as far as the Hud- 
son formation, making a total depth of 2365 feet. Unfor- 
tunately samples were not saved from the Clinton forma- 
tion, so its thickness cannot be given in this section; but 
judging from neighboring wells it must have been reached 
at a depth of 75 + feet. 

The thickness of the formations in this well agrees very 
closely with that of the same formations in the neighbor- 
ing wells at Cly.de and Seneca Falls as described by the 
writer ten years ago. In the Clyde well, .8 miles N. E. of 
Alloway, the Niagara and Clinton are 418 feet thick* and in 

♦American Geologist, vol. VI, p. 204. 
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the Seneca Falls well, 12^ miles S. E. of Alloway, 400 feet* 
as compared with the 400 feet of this well. Again in the 
Clyde well, the Medina formation is 942 feet thickf, and 950 
feet in the Alloway well. 




AN 



STANCE OF SUB-AQUEOUS DIFFERENTIAL 
WEATHERING. 

By M. L. Fuller, Mast). Inst. Tech., Boston, Mass. 

Differential weathering, by means of which the harder or 
more resistant portions of a rock are left in relief, is a com- 
mon feature of practically all rocks which are exposed to the 
action of the atmosphere. On the other hand, rocks wholly 
covered by water, except in the case of limestones, and of 
rocks exposed to the action of swamp waters, highly charged 
with decaying organic matter, rarely show evidences of such 
weathering. 

♦Ibid., p. 203. 
tibid. p. 204. 
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A rather marked exception to this general rule was re- 
cently observed on the surfaces of the rocks forming the bot- 
tom at certain points among the islands off the shore of the 
town of Tuftonborough, on lake Winnipesaukee, N. H. Not- 
withstanding the great purity of the waters, it was found that 
the rocks of the bottom showed distinct evidences of differen- 
tial weathering; the difference in relief between the harder and 
the softer parts being as great, if not greater, than in the same 
rock above the level of the waters. 

The country rock is a rather coarse biotite gneiss, carrying 
in places a considerable amount of muscovite, and some horn- 
blende, in addition to the biotite. It usually possesses a dis- 
tinct, and often very marked lamination which in general has 
a northwest-southeast trend. It is cut by numerous strings 
and dikes of pegmatyte, mostly small and composed mainly 
of feldspar. It is these strings and dikes which have been 
left in relief by the removal of the surrounding rock, the re- 
sultant ridges running in all directions without reference to 
the lamination of the gneiss, and by their crossing and re- 
crossing, forming a sort of network. ^ Not only is the relief 
rather more pronounced than in similar ledges upon the land, 
but it is also more sharply defined. In amount it varies from 
a fraction of an inch in the case of the smaller strings, up to 
two inches or more in the case of the larger strings and 
dikes. The differential weathering was observed at all depths 
down to some ten feet, this being about the limit of distinct 
vision on a calm day. The relief was fully as strong at the 
greater as at the lesser depths. The ledges show no striation, 
though traces of the heavier grooves may sometimes be seen. 
The surfaces are not polished, but are rough and granular. 

In seeking a cause for this differential weathering, the pro- 
cess is largely one of elimination. The erosion can not have 
been pre-Glacial as the situation of the ledges is commonly 
such that they must have been subjected to the full force of the 
moving ice. That such was the fact is attested by the gen- 
eral outlines and contours of the submerged ledges, and by the 
presence of distinct, though partially obliterated, glacial 
grooves. 

The weathering is certainly a sub-aqueous phenomenon. 
The level of lake Winnipesaukee, though controlled within 
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certain narrow limits by the dam at Lakeport, can never have 
been much lower than at the time the observations were made, 
which was at the close of an unsually dry summer when the 
water was much below its ordinary level. 

The considerable depths at which many of the ledges occur 
rules out the alternation of heat and cold as an important 
cause of disintegration, for the changes in the temperature 
of water at a depth of ten feet would be very gradual and 
mostly seasonal in nature. Freezing of the water contained 
in the pores of the rock is also ruled out, except in those 
ledges lying near the surface of the water. As diflferential 
weathering is no more marked in such instances than in the 
ledges of greater depths, it is evident that freezing has not been 
an important factor in the production of the observed results. 
At a depth of ten feet, the waves of the lake — never* very 
high — would be made manifest only by a slight oscillation 
of the water particles, sufficient, perhaps, to move fine sedi- 
ments, such as the products of disintegration, but incapable 
of performing any work of erosion. 

It is, then, to the water itself, that we must turn in seek- 
ing an explanation of the differential weathering. Even here, 
however, the cause is not at first apparent, for the waters of 
lake Winnipesaukee are of unusual purity, and appear to con- 
tain nothing to which the erosion can be referred. The lake is 
fed mainly by short streams from the surrounding hills and 
mountains. Testifying to its purity is the fact that while 
ordinary rain water contains, on an average, four parts in 
100,000 of solid impurity, the waters of lake Winnipesaukee 
carry only 2.12 parts. Free ammonia is present only in the 
proportion of i part in 500,000,000, chlorine i part in 83,000, 
and nitrogen (as nitrates) i part in 27,500,000.* The water is 
practically colorless, always very soft, and contains little or- 
ganic matter. 

The absence of sulphuric acid, and the sniall amounts of 
chlorine and nitrogen, eliminates these substances from the 
list of possible agents of chemical erosion. The' only agents 
remaining are pure water and ca^bonic acid. Unfortunately 
no analyses could be found giving the percentage of the latter 

♦Calculated from the mean of twenty-four analyses. Massachusetts 
State Board of Health, Report of Water Supplies and Inland Waters, 
i8go, pp. 447-448. 
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in the waters of the lake. The average amount of this g^as 
contained in water is given by Fisher* as about 3.35 cc. 
per litre. As the amount of carbonic acid in the atmosphere 
along the Atlantic coast is fairly representative of average 
conditions, the quantity contained in the waters of lake Win- 
nipesaukee would probably not \2xy greatly from this amount. 

X^otwithstanding the low percentage present, it was to the 
solvent action of this carbonic acid that the differential 
weathering was at first referred, the unusual rapidity and ex* 
tent of the action being considered as the result of the pecul- 
iarities of the rock. 

The gneiss consists mainly of feldspar and biotite, the lat- 
ter being present in large amounts, and giving the rock an 
almost schistose character in places. This fissility assures 
the water an easy access to the rock for some distance below* 
the surface, and probably is an important factor in the weather- 
ing. Both the feldspar and the biotite show evidences of 
previous alteration, the former by its whitening, the latter by 
its greenish color. It is a well known fact that alteration 
once started will often proceed with great rapidity, even under 
unfavorable circumstances, and it is probably to this already 
existing alteration of the minerals that we owe the present 
somewhat rapid erosion of the gneiss. 

Since the foregoing observations were made the writer, 
through the kindness of Prof. W. O. Crosby ,t has had an op- 
portunity to examine a number of specimens of a disinte- 
grated biotitic granite from Colorado, which seem to throw 
considerable light upon the nature of the process by which 
biotitic granites and gneisses may disintegrate in positions 
which preclude the influence of changes of temperature or of 
frost action as important factors in the action. The Strickler 
tunnel from which the specimens were taken, forms a part of 
the water system of Colorado Springs, and is situated at an 
altitude of some 11,500 feet. In it, at a depth of some 300 
or 400 feet below the surface, are to be found large amounts 
of a coarse red biotitic granite in all stages of disintegration. 
On examining specimens in which the disintegration is just 

♦Die Chemische Technologic der Wassers, Brauschweig, 1880, pp. 
75-76. 

tThe nature of the disintegration was recognized by Prof. Crosby 
several years ago, and was personally communicated to Prof. G. P. 
Merrill. (See "Rocks, Rock Weathermg, and Soils", 1897, p. 189). 
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beginning, a number of tiny cracks are observed beginning at 
the crystals of biotite and radiating outward irregularly be- 
tween the crystals of feldspar. On closer examination it 
becomes evident that the cracks are the result of the swelling 
of the crystals of biotite in consequence of the process of 
hydration to which they have been, and are now being sub- 
jected. The distance to which these cracks penetrate and 
their width evidently depend directly on the amount of hydra- 
tion the biotite has undergone. In the more advanced stages 
of hydration, which are marked by a more or less complete 
oxidation of the iron, the cracks are usually open, sometimes 
to a width of one or two millimeters, rendering the rock so 
friable that it crumbles in the hand. 

Although no opportunity has been presented for substan- 
tiating the view advanced below, it seems probable that the 
explanation of the disintegiation of the biotite granite of the 
Strickler timnel (i. e., hydration) will apply with equal force 
to the biotitic gneiss underlying lake Winnipesaukee. The 
observed chloritization of the biotite, as made evident by the 
greenish color and general aspect, is confirmatory to this view. 

The small strings and dikes of pegmatyte cutting the gneiss 
carry almost no biotite and very little muscovite. More- 
over, being of a later date, they escaped the powerful pressure 
to which the gneiss was subjected, and to which its lamination 
is probably due. For these reasons, they are more imper- 
vious to percolating waters than the surrounding rock, and 
their more acid character is less favorable to alteration. Such 
dykes would naturally show much less evidence of alteration 
than the surrounding gneiss, and would by their superior 
power of resistance be left in relief, as the latter was weath- 
ered away and removed. 

The remarkable feature of the occurrence described is 
that in the comparatively short period since the disappearance 
of the ice sheet from the region the process of hydration, or 
at least of sub-aqueous agencies, should have produced results 
quantitatively equivalent to the combined results of the work 
of the atmosphere, rain, and frost upon similar ledges upon 
the land. The superior distinctness and perfection of the sub- 
aqueous chemical erosion is a natural result of the slow, but 
regular and persistent, and consequently more selective action 
of the water. 
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-IVER PAYSON HUBBARD. 

By E. O. HovBT. New York. 
(Portrait.) 

Oliver Payson Hubbard, professor emeritus of chemistry 
and pharmacy at Dartmouth College, Hanover, N. H., died 
of pneumonia, March 9, 1900, at his residence in New York 
City, in his ninety-first year, after an apparently painless ill- 
ness of but three days. 

Prof. Hubbard was the son of Stephen and Zeruiah (Gros- 
venor) Hubbard, and was born at Pomfret, Conn., March 31, 
1809. His father was a merchant. The family removed to 
Rome, N. Y., in the fall of 181 1, where the young Oliver 
received his early education. He entered the sophomore 
class of Hamilton College in 1825, leaving the institution, 
however, at the end of the junior year in 1826, and going 
to Yale College, where he entered the junior class and was 
graduated with honor in 1828. He taught in different schools 
for three years after graduation, and returned to Yale in 183 1 
to become assistant to Prof. Benjamin Silliman, in the chem- 
ical laboratory of the college. His association with Prof. 
Silliman continued for five years, during which he saw the 
development of many new ideas and methods in the young 
sciences of modern chemistry and mineralogy. 

While he was assistant in this laboratory, Hubbard aided 
Charles Goodyear in the experiments which resulted in the 
discovery of the process of vulcanizing India rubber, and in 
1833, in connection with Prof. Silliman, he made an investiga- 
tion at the request of the federal government into the capa- 
bilities of the United States for the '^culture of the sugar cane 
and the manufacture of sugar." During his first year here, 
too, the first bottle of chloroform ever made was received from 
the discoverer, Df. Samuel Guthrie, of Sackett's Harbor, N. 
Y. This was in 1831, a year before the discovery of the same 
substance by Subeiran and by Liebig. Another incident to 
which Prof. Hubbard was fond of reverting was his presence 
at the accidental discovery of the anaesthetic properties of 
nitrous oxide, at Rome, N. Y., November 5, 1821, when a boy 
companion mischievously inhaled an overdose of the new gas. 

It was in Prof. Silliman's laboratory that Hubbard develop- 
ed the interest in mineralogy and geology which remained 



Oliver Pay son Hubbard. — Hovey. 361 

active throughout his long life, and which determined his 
occupation for many years. In February, 1836, he was ap- 
pointed professor of chemistry, mineralogy and geology in 
Dartmouth College, a position which he held for thirty years. 
After resigning this professorship in 1866, he continued his 
lectures on chemistry and pharmacy in the medical depart- 
ment of the institution until 1883, when he was made pro- 
fessor emeritus. He was an overseer of the Thayer School of 
Engineering of Dartmouth College from 1867 to 1895. He 
received the degrees of M. A. from Yale and Dartmouth, of 
M. D. from South Carolina Medical College and of LL. D. 
from Hamilton College in 1861. He served one term, 1863- 
1864, in the legislature of New Hampshire. 

Prof. Hubbard was one of the founders of the Association 
of American Geologists and Naturalists, Philadelphia, 1841, 
and of the American Association for the Advancement of 
Science, Philadelphia, 1848. He maintained his membership 
in the latter organization and was one of the six '^founders" 
still alive at its last meeting. He was recording secretary of 
the New York Academy of Sciences from 1876 to 1885, vice- 
president from 1885 to 1892 and president, 1892-1893, — evi- 
dence of his long-continued and active interest in the propa- 
gation of science in general. 

The subject of this sketch belonged to a period of scientific 
work when specialization had not attained the importance 
which it has held for the past twenty or thirty years and we 
therefore find Prof. Hubbard's published articles dealing with 
a rather wide range of topics. His geological work was prac- 
tically confined to the earlier half of his life and was not ex- 
tensive, measured by present standards, as will be seen by an 
inspection of the appended bibliography. He was the first 
(1838) to call attention to the dikes of basic rock (**trap") at 
the falls of the Pemigewassett river in Campton, N. H., which 
were made famous many years afterward by the petrographic 
investigations of Dr. C. W. Hawes. Prof. Hubbard described 
many other dykes in the White Mountain region and con- 
tended for the igneous origin of the granite as well. He also 
made interesting observations on the occurrence of a number 
of minerals in New Hampshire and northern New York and 
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distributed to several institutions generous specimens of some 
very peculiar boulders which he found in Thetford, Vt., and 
which proved to be a form of limburgyte. At the Phijadel* 
phia meeting of the Association of American Geologists 
and Naturalists in April, 1841, Prof. Hubbard exhibited and 
described, orally, specimens of slate from Waterville, Maine, 
containing impressions which he referred to annelids.* At 
the Boston meeting of the Association in the following year 
we find that he "offered some remarks on the drift of New 
Hampshire, exhibiting a remarkable specimen of a bowdler 
of smoky quartz containing acicular crystals of rutile",f and 
that he was added to the committee on drift, which was 
investigating the erratics and glacial scratches of northeast- 
ern North America under the auspices of the Association. 

Prof. Hubb^d was a man of fine physique and of very in- 
tellectual appeajrance. . He was. energetic in action, kindly in 
manner, and vfery ^apt in conversation. Up to within two 
years of his deiath he was a frequent and always a welcome 
visitor at the various scientific institutions in New York City, 
and he attended the meeting of the Geological Society of 
America at Columbia University in December, 1898. While, 
as was to be expected, much of his conversation in late years 
was reminiscent in character, he maintained a lively interest 
in current affairs and was an ardent sympathizer with the 
Boers in their present struggle with England. His son 
writes me, "His mental and physical powers were unimpaired, 
and he had none of the weakness or decreptitude of old age ; 
in fact, except in years he was never in any respect an old 
man.'' Prof. Hubbard married. May 17, 1837, Faith Wads- 
worth, daughter of Benjamin Silliman, who died Octob'er 25, 
1887. A son and a daughter survive him. 
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tibid., p. 61. 



THE NEW YORK 

PUBLIC LIBRARY. 



A8T0II, LENOX AMD 
TILOEN FOUNDATIONS. 




OLIVER PAYSON HUBBARD. 



The American Geologist, 
Vol. XXV, Plate X. 



Oliver Paysan Hubbard. — Hovey, 363 

Notice of "Third Annual Reports on the Geological Survey of the 
State of New York, to the Assembly, Document 275, Feb. 27, 1839." Am. 
Jour. Sci. & Arts, vol. 39, pp. 95-108. 1840. 

Notice of the Geological Survey of the State of New York, presented 
to the Legislature, Jan. 24, 1840. Am. Jour. Sci. & Arts, vol. 40, pp. 
73-85. 1840. 

Notice of Geological Surveys. I. of the State of Ohio, II. of I-ndiana. 
III. Of Michigan. Am. Jour. Sci. & Arts, vol. 40, pp. 126-137, 1840. 

Chemical examination of Bituminous Coal from the pits of the Mid 
Lothian Coal Mining Company, south side of James River, fourteen 
miles from Richmond, Virginia, in Chesterfield County. [In conjunction 
with Prof. Silliman.] Am. Jour. Sci. & Arts, vol, 42, pp. 369-374. 1842. 
[Remarks on the slates of Waterville, Maine.] Trans. Assoc. Am. 
Geol. and Nat., 1840-1842, p. 16. Boston, 1843. 

[Remarks on the drift of New Hampshire.] Ibid., p. 61. 
Notices of Koordistan— Hot Sulphur Spring— Manna— Mines of 
Lead— Sulphur and Orpiment— Rocksalt and Saline Springs— Ruins, 
&c., derived chiefly from the letters of Rev. A. H. Wright, M. D., of the 
Mission of the A. B. C. F. M., at Oroomiah, Persia. Am. Jour. Sci. & 
Arts, 2d series, vol. 3, pp. 347-354- 1847. 

The condition of Trap dikes in New Hampshire an evidence and 
measure of Erosion. Am. Jour. Sci. & Arts, 2d series, vol. 9, pp. 158-171 . 
1850. 

On Rutile and Chlorite in Quartz. Am. Jour. Sci. & Arts, 2d series, 
vol. 10, pp. 350-354. 1850. 

Notices of Minerals and new localities. Am. Jour. Sci, & Arts, 2d 
series, vol. 11, pp. 423. 424. 1851. 

Beryls in Grafton, N. H. Am. Jour. Sci. & Arts, 2d series, vol. 13, 
pp. 2S4, 265. 1852. 

Mines of Sulphurets of Arsenic and Sulphur in Koordistan. Am. 
Jour. Sci. & Arts, 2d series, vol. 14, pp. 103, 104. 1852. [Communica- 
tion of a letter from Dr. A. H. Wright, of Oroomiah^ Persia.] 

Gold in Vermont. Am. Jour. Sci. & Arts, 2d series, vol. 15, p. 147 
(6 lines). 1853. 
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NONCONFORMITIES AT THE MOUTH OF THE 
PLATTE RIVER, 

By Chablbb Newtok Gould. Lincoln, Nebraska. 

In eastern Nebraska there are three well marked geolog- 
ical horizons representing the three eras, Paleozoic, Mesozo- 
ic, and Comanche. To the Paleozoic belongs the Carbonif- 
erous, to the Mesozoic the Dakota, and to the Cenozoic the 
drift and loess of the Glacial epoch. The deposits of these 
three horizons differ much in thickness. The Carboniferous 
rocks being lowest in the scale extend to the depth of several 
hundred feet below the surface. The maximum thickness of 
the Dakota in the state is probably not to exceed three 
hundred and fifty feet, and along its eastern border on the 
Platte river, less than one hundred feet are exposed. The 
drift and loess vary from a few feet to perhaps two hundred 
feet in thickness. 

Between these deposits, in the region under consideration 
may be observed a marked nonconformity, each representing 
a time limit and a period of upheaval and consequent eros- 
ion. The amount of rock which has been removed in any 
one instance is largely conjectural, although by comparison 
with neighboring regions, fairly accurate estimates may be 
obtained. 

The Platte river in its course across the plains from the 
mountains to the Missouri, flows nearly the entire distance 
through a broad, shallow valley. A little below the mouth 
of the Elkhorn, the valley suddenly narrows, and the bluffs 
on either side become very pronounced. From this point to 
the mouth of the river, a distance of thirty miles, the river is 
characterized by a valley scarcely more than a mile wide, from 
which steep and often rock}' bluffs rise abruptly. The reason 
for the sudden contraction of the valley may be found in the 
character of the rock through which the channel has been 
carved. Throughout its entire course the river encounters 
only loess and alluvium until it strikes the harder material — 
sandstones and limestones, which form the bluffs near its 
mouth. It is along these bluffs that the nonconformities, 
which form the subject of this article, may be best studied. 

The abundance of invertebrate fossils, as well as the 
character of the rock, testify to the fact that the Carbonif- 
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erous was a marine deposit. The sedimentation was very 
even, the different ledges of limestone and shales often per- 
sist for miles with almost no variation in thickness. (Fig. i.) 




Fio. 1. Carboniferons Sedimentation. 

At the close of the Carboniferous age, or at least during 
the Triassic and Jurassic epochs, the Carboniferous deposits 
were raised above the sea level and denudation began. The 
amount of rock removed during this time must have been 
considerable. In southern Kansas there are some twenty- 
six hundred feet of Permian strata between the Carbonifer- 
ous and the base of the Cretaceous. At the Kansas-Nebras- 
ka line the Permian is not more than two hundred feet thick, 
and it disappears entirely before reaching the Platte river, 
where the Dakota rests directly on the Carboniferous. 
Whether the Permian strata in eastern Nebraska ever reached 
the thickness attained in southern Kansas is not known. 
However, it is evident that erosion at this time was not 
only considerable but also very uneven. The hills of the 
old Carboniferous rocks were apparently higher and the val- 
leys deeper than those of the same region to-day. (Fig. 2.) 





^..^m^ssa^^^s^ 


' \ \ 1 1 1 "1 A 


\ 1 1 1 1 1 1 N. 


1 1 1 1 


1 1 1 IN, • ^ 



Fio. 2. Post-Carboniferous Erosion. 
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About the beginning of the Dakota epoch the land again 
subsided. The sand and clays, washed down probably from 
the northeast, filled the hollows in the Carboniferous floor 
and finally smoothed over the sea bottom. (Fig. 3.) Ifthe 







Fio. 3. Dakota Sediment^ition. 

Dakota be considered as an estuarine or beach deposit, it 
will be readily conceived that at the close of this epoch the 
surface would still be irregular. The numerous lagoons and 
bayous, interspersed with islands, would suffice to give con- 
siderable of configuration to the surface. Those, however, are 
minor considerations and most, perhaps all, traces of them 
have disappeared. The first nonconformity is then found be- 
tween the unevenly eroded surface of the Carboniferous and 
the base of the Dakota. (A. B. Fig. 3.) 

As the shore line of the Cretaceous sea retreated west- 
ward, the first deposits were elevated and the work of ero- 
sion began anew. In the soft sandstones and shales this 
was comparatively rapid and during late Cretaceous and 
Tertiary time the surface reliefs were probably as great as at 
the beginning of the Dakota epoch. (Fig. 4.) These con- 




Fio. 4. Po0t-Dakota Eroeioo. 
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ditions obtained until the beginning of the Glacial period, 
when the ice-sheet swept down from the northeast, bearing 
its load of sediment. Boulders, pebbles, sand, silt, and clay 
were deposited in the depressions of the Dakota rocks and 
finally covered the whole of the strata to the depth of seve- 
ral hundred feet. (Fig. 5.) The coarser material, known 




Fio. 5. Glacial SodiinentatioD. 

as the drift, was at first deposited and consequently filled 
up the hollows while the finer loess is found at higher levels. 
This is the second nonconformity; between the top of the 
eroded Carboniferous, or ordinarily the Dakota, and the 
base of the superjacent Glacial deposits. (C. D. Fig. 5.) 

After the retreat of the ice sheet, and the consequent 
cessation of deposition, erosion and denudation once more 
took place. The streams began to cut the channels they 
now occupy. This operation is still in progress. The Platte 
has reached its base level and the small creeks tributary to 
it are slowly cutting their way back into the hills. In many 
places they have cut through the various deposits, far down 
into the Carboniferous. (Fig. 6.) In not a few instances 
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both lines of nonconformity may be seen on the same hill. 
Figure 6 represents an ideal section along a bluff north of 
the Platte river, opposite Louisville. On one side of the ra- 
vine the line between the Carboniferous and the Dakota is 
near the base of the bluff, at H, while on the other side the 
same line is at least fifty feet higher at the point K. 

Not infrequently a third nonconformity may be observed. 
The later deposits on the tops of the bluffs have been washed 
down forming alluvium, and have partly filled up the chan- 
nels of the recently cut ravines, as indicated along the line 




FiQ. 7. Recent Alluvial Deposits. 

E. F. Fig. 7. In this case the nonconformity is between the 
alluvium above and the older rock below, be it Carbonifer- 
ous, Dakota or Glacial. 

These nonconformities are the more interesting because of 
their geographical location. In the region of the plains, 
where most of the strata lie comparatively level, exposures 
of rock of such widely different ages in the same locality 
are quite rare. The only other place in the region where 
two marked nonconformities may be seen in connection, so 
far as I have been able to observe, is in the Comanche Cre- 
taceous areas in southwest Kansas, where the Permian Red- 
beds, the Comanche, and the Tertiary are exposed. Even 
there, however, such patent examples as are found on the 
Platte may be sought in vain. 

The University of Nebraska. April 20th, igoo. 
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LAND LOESS OF MISSOURI-ITS MODE 
OF FORMATION. 

By O. H. Hebshet, BragdoD, Californin. 

Several years ago professor J. E. Todd, of South Dakota, 
and the writer conducted, through the correspondence depart- 
ment of **Science,'* a brief discussion of the question of the 
mode of deposition of the sheet of gray loamy clay or "upland" 
loess which mantles the whole of northern Missouri, professor 
Todd maintaining that it was formed under distinctly fluviatile 
conditions, while the present writer was equally certain that 
the m.edium of transportation and deposition of the fine silty 
mziterial was essentially lacustrine or even marine in character. 
It came to an untimely end through my failure to reply to 
professor Todd's third letter. 

It is not my purpose to resume the discussion, bur a series 
of observations made last summer during an extended pedes- 
trian trip across Missotiri, has thrown new light on the sub- 
ject and seems worthy of record. 

At the close of the Kansas epoch of the Quaternary era, 
nearly the whole of northern Missouri was a remarkably level 
drift plain. This had a perceptible but very slight slope 
southeastward, southward and southwestward toward the Mis- 
sissippi and Missouri rivers. Had the upland loess been de- 
posited upon this drift-plain before its dissection, the idea that 
the silt was carried and spread over the land by great rivers 
flowing away from the lowan ice-sheet on the north, would be 
tenable. But if there is one fact in the Quaternary geology of 
Missouri which is absolutely certain, it is that a long interval of 
erosion elapsed between the K^nsan glaciation and the deposi- 
tion of the lowan loess. This resulted in the formation of 
broad valleys, seventy-five to one hundred and fifty feet in 
depth, the original drift-plain being thoroughly dissected, and 
remaining only in narrow, widely-separated strips along the 
main divides. Northern Missouri is essentially a hilly coun- 
tr>'. It is characterized by rather elongated but dendritic 
systems of drainage. These have deeply eroded the old drift- 
plain, and given the country almost as uneven a surface as 
many of the unglaciated districts of southern Missouri. 

Upon the old drift soil of this uneven middle Quaternary 
land surface, the upland loess rests, pretty well mantling the 
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whole country and forming the characteristic soil of northern 
Missouri. It has been cut through along the valleys and in 
places on the steeper slopes, but enough remains to demon- 
strate its original continuity over all the country between the 
Iowa line and the Missouri and Mississippi rivers. The most 
remarkable feature of it is its comparative uniformity of thick- 
ness. True, it thickens in the valleys and thins over the di- 
vides, but there is no observable tendency in it to fill any of the 
old pre-Iowan valleys, except within thirty miles of the Mis- 
souri river, where the clayey silt thickens to a great rolling 
sheet which almost completely obscures the drift and solid 
rock formations. The uneven surface of this broad belt of 
distinctly Missouri river loess is partly the result of erosion, 
but largely original. For instance, at Boonville we find the 
high hills, rising 150 or more feet above the Missouri river, 
heavily covered with loess so that the underlying rock is 
rarely exposed even in ravines. On the south is a broad, deep 
valley whose floor and slopes are lined with the same sheet of 
loess. It is preposterous (in the light of post-Iowan erosion 
as recognized in other districts) to suppose that these deep val- 
leys were silted up to the level of the uplands, and their pres- 
ent existence be due to post-Iowan erosion. All over north- 
ern Missouri the same line of evidence leads to the same con- 
clusion, namely, that the whole body of the loess when com- 
pleted had almost as uneven a surface as at present. This ef- 
fectually disposes of the fluvial theory, for it is not known to 
be the habit of rivers to wander about over a hilly country 
and finally leave it almost as undulating as at first. 

It is claimed by the supporters of the fluvial hypothesis, 
that a barrier existed across the courses of the Missouri and 
Mississippi rivers, holding the water level up to the level of 
the present uplands, then a plain, upon which the loess was 
deposited ; subsequently, the valleys were eroded, and the loess 
at present on their slopes and bottoms is due to slow "creep- 
ing** from the uplands. Both these positions are untenable. 
First, the valleys of northern Missouri were cut down nearly 
to their present level before the loess was deposited. This is 
proven by their large size, and by the existence of a weathered 
layer and soil at the surface of the drift and under the loess 
throughout the valleys except where recent erosion has de- 
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stroyed both it and the loess. The Missouri and Mississippi 
valleys must have been excavated to equally as great depth 
to form an outlet for the waters of the tributary valleys, and 
hence no such rock barrier as claimed could have existed in 
the lowan epoch. 

The "creeping" hypothesis might be pertinent in a mountain 
region where slopes are long and steep, but it can have a very 
limited application in such a country as the Mississippi basin. 
Certainly, in northern Missouri it cannot be charged with the 
task of transporting the loess down the slopes from the up- 
lands so generally that»a larger part of the surface of the drift 
is obscured by it. However, there is positive evidence against 
it. When superficial material is sliding on a slope, there is 
a constant working of the under portion outward and down- 
ward, a kind of kneading process, which thoroughly mixes the 
mass. In the case under discussion, some of the drift under 
the loess should have become intermingled with the fine silt, 
which has not generally occurred. The reddish brown 
weathered layer is invariably in place under the loess in the 
valleys, and on their slopes shows no tendency to penetrate 
the latter. 

In the valley of the BonneFemme river which flows into 
the Missouri from the north near Boonville, •the loess of the 
uplands descends the slopes and form terraces in the yalley. 
These terraces of thick loess are remnants of a flat loess-plain 
which formed the valley-floor at the end of the loess-deposit- 
ing period. This great body of loess has not crept down the 
slight slopes from the neighboring low uplands, but is, with- 
out doubt, in place in its original condition. These terraces 
are finely developed at Fayette in, I believe, Howard county. 
They occur in less characteristic form in many other valleys 
of northern Missouri. They are the equivalents of the loess 
terraces in the Pecatonica and other valleys in northwestern 
and west-central Illinois. Indeed, there is a close parallelism 
between the distribution and development of the loess in these 
latter districts and in northern Missouri. In Illinois, the 
occurrence of the loess in situ in the valleys has never been 
questioned, and had the Quaternary geology of northern Mis- 
souri *been more thoroughly studied, it never would have in 
that region also. 
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The fluvial hypothesis out of the way, there remain two 
rival theories to account for the Missouri loess, the aeolian 
and the lacustro-marine. The almost annual occurrence of 
dust storms over the region seems to favor the idea that the 
loess was wind-carried. However, if deposited by precipita- 
tion from a great hight in the air like the fine dirt of these 
**dust-storms," it should be spread more evenly over the sur- 
face, not universally thickening in the valleys. If deposited 
by violent currents of air sweeping close to the surface of the 
earth, it might be blown from the hill-tops and accumulate 
in the valleys, but yet must show more irregularity than the 
loess really does. I imagine the aeolian action would result 
in one of two extremes — the real loess is between them. The 
most pertinent objection to the aeolian hypothesis that I ,can 
raise, is furnished along the southern border of the loess- 
covered country. At Boonville and vicinity, the loess is very 
thick, even thirty or more feet of it capping the highest hills. 
This thick loess extends south about six or eight miles and 
then ends very abruptly, thinning out it is true, but in a com- 
paratively short distance completely disappearing, and south- 
ward from there the only deposits resembling loess are local- 
ized accumulations of undoubted water-laid silt in the valleys. 
This sudden terftiination of the loess on the south is indicative 
of water rather than of wind action. 

A careful examination of the loess of northern Missouri 
will reveal enough places where its structure may be observed 
to demonstrate that on the uplands as well as in the valleys, 
it is a water-laid deposit. A great lake-like body of water 
covered northern Missouri to the average depth of probably 
several hundred feet. Into this, rivers, resulting from the melt- 
ing of the vast lowan glacier on the north, carried mud which 
spread throughout the lake. Gradually the fine silty and 
clayey particles settled to the bottom to form the loess. There 
was just enough current action to cause this to accumulate 
to a slightly greater thickness in the depressions than over 
the elevations, but not enough to fill the submerged valleys 
and destroy the unevenness of the lake-floor. Along the 
greater depressions, such as that now occupied by the Missis- 
sippi river, and more particularly that of the Missouri river, 
there was more decided current action (say something like 
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the Gulf stream in the Atlantic), and this brought a great body 
of silt from far up those valleys to form the broad belts of 
thickened loess which follow the two great rivers and passing 
inland over the uplands, gradually merge with the thinner and 
more uniform sheet of north-central Missouri. This hypothe- 
sis is the only one yet advanced which will explain all the 
observed phenomena of the Missouri Upland loess in accord- 
ance with the recognized processes of nature. 

It is charged against the lacustrine theory, that there ought 
to be observable remnants of beach ridges. I must acknowl- 
edge that their total absence, particularly along the southern 
or landward boundary of this great extra-glacial lake, is a 
puzzle, but it is not as fatal to the theory as is the total absence 
of even a trace of river channels to the fluviatile theory. Rivers 
cannot exist without channels, but a lake may, by frequently 
changing its shore-lines, escape developing any decided beach 
ridges or wave-cut benches. Who has ever observed any 
evidence of a river channel in the Upland loess? 

As is well known, the upland loess of Missouri is only a 
part of a very extensive sheet of demonstrably extra-glacial 
lowan silt occupying a large part of central and southern 
Illinois, southern Iowa, northwestern Kansas and eastern Ne- 
braska with a probable yet greater extension up the Ohio, 
Mississippi and Missouri valleys. Although perhaps it is not 
strictly contemporaneous in all parts, it undoubtedly is nearly 
so. The weight of evidence tends to indicate that it is a unit 
and everywhere due to the same body of water. As there is 
not known to have been, during the lowan epoch, any barrier 
on the south to pond the water in the central Mississippi 
region, the existence of this great lake-like body of water can 
only be accounted for as the result of depression of the land. 
This sinking of the land was greater in the north than in the 
south, but may have extended to such a degree as to depress 
the entire upland I6ess country beneath the sea-level, and 
admit the sea-water through a broad strait on the site of ex- 
treme western Kentucky and southeastern Missouri. 

From the apparent continuity of the upland loess of Mis- 
souri and Ilinois with the loess-like silt of the lower Missis- 
sippi region (which is undoubtedly a marine formation, in 
large part, at least), I think the above depression probable. 
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Therefore, the upland loess of northern Missouri may have 
been deposited beneath the sea-level and in a body of water 
having direct connection with the open ocean. However, the 
conditions were not strictly marine, as the water was prob- 
ably brackish from the large quantities of fresh water poured 
into the inland sea by the glacial rivers — a sort of ancient 
Baltic . sea. Because of these lacustro-marine conditions, 
neither lake nor sea animals could live in this body of water, 
and it existed for too short a time for the development and 
wide distribution of a brackish-water fauna. This may ac- 
count for the general absence of fossils in the upland loess. 
Shells are reported from loess in Missouri and neighboring 
states, but they are mainly from a later and more localized 
loess than the wide-spread sheet which I refer to as upland, 
loess. This latter is rarely (if ever) even to the slightest degree 
fossiliferous. 



EDITORIAL COMMENT. 



The George Huntington Williams memorial lectureship. 

Three years ago, Sir Archibald Geikie, the most distin- 
guished geologist of Great Britain, delivered the first lect- 
ures of this series. Professor W. C. Brogger, the most dis- 
tinguished Scandinavian geologist, has just completed the 
second course of lectures in this same series. 

Professor Brogger's reputation does not rest upon any 
single line of research. His energies have been devoted 
with marked success to several distinct branches of his 
science. 

His investigations, some years ago, of the paleontology 
of the Silurian and pre-Silurian rocks of Scandinavia are of 
extreme importance and his **DieSilurischen Etagen 2 und 
3 im Kristianiagebiet" (1882) is a masterly contribution both 
to paleontology and to the subject of contact metamor- 
phism. 

His famous work **Die Mineralien der Syenit pegmatit- 
gtinge" (1890) has been pronounced the best single contri- 
bution to mineralogy, while the three volumes of his "Die 
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Eruptivgesteine des Kristianiagebietes" (1894- 1898), al- 
though so recently issued, have become classics in petrology. 

The subject of the last five lectures of the course just 
completed at the Jbhns Hopkins University shows that Dr. 
Brogger has entered yet another field of inquiry. On Wed- 
nesday, April 25th and on the following Thursday professor 
Brogger lectured before the students of the geological de- 
partment of Johns Hopkins University and visiting geolo- 
gists, upon **The Principles of a genetic classification of the 
Igneous Rocks." These lectures embraced a historical re- 
view of the classification of igneous rocks, a criticism of the 
present artificial classification and the suggestion of princi- 
ples upon which a natural classification should be based. 

The fundamental principle of Dr. Brogger's classification 
is the geological relationship of igneous rocks, to be deter- 
mined by geological investigation. This principle gives him 
his three genetic classes: abyssal, hypabyssal, and effusive, 
which are well known through his published writings ("Die 
Eruptivgesteine des Kristianiagebietes" Part I). Chemical 
composition was made a basis of further grouping and in- 
teresting detailed classification was introduced. These lec- 
tures were illustrated by a complete series of the remarkable 
igneous rocks from the region of Christiania. 

( I ) The essexy te series was represented by abyssal, hyp- 
abyssal and effusive types, with both chemical and structu- 
ral peripheral facies. In the same way was illustrated; 

(II a) The Augite Syenyte series. 

(II b) Nepheline Syenyte series. 

(II c) Pulaskyte series. 

(lid) Mica Syenyte series. 

(III) Akeryte series. 

(IV) Nordmarkyte series. 

(V) Soda Granite series. 
(VI a) Granite series. 

(VI b) Rapakiwi granite series. 

(VII) Diabase and Proterobase. 

Dr. Brogger generously leaves this fine collection in this 
country. 

The succeeding five lectures were upon "The Late Geo- 
logical History, as shown by changes of level and climate 
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tn southern Norway si»ice the dose of the Glacial Epoch/' 
Dr. Brogger has determined the extent of the Scandinavian 
ice sheet, the level of the land during the Glacial epoch and 
the temperature of the Glacial climate, as well as the osci- 
lations in level and the climatic changes since that period. 

Both the facts themselves and the methods by which 
they have been obtained are, in a great part, new, and of the 
greatest interest. These lectures were illustrated by lan- 
tern slides and fossil material. 

The following are the names of some of the geologists 
in attendance upon the lectures: 

A. H. Brooks, U. S. Geological Survey; F. Rascom, Bryn Mawr Col- 
lege; W. B. Clark, Johns Hopkins University; Whitman Cross, U. S. 
Geological Survey; J. S. Diller, U. S. Geological Survey; B. K. Emer- 
son, Amherst College: S. F. Emmons, U. S. Geological Survey; Edw. 
H. Griflfin, Johns Hopkins University; Arnold Hague, U. S. Geological 
Survey; J. A. Holmes, State Geologist, N. Carolina; H. M. Hurd. Johns 
Hopkins Hospital; J. D. Irving, U. S. Geological Survey; Arthur Keith; 
U. S. Geological Survey; E. B. Matthews, Johns Hopkins University-; 
F. B. Peck, Lafayette College; F. L. Ransome,U. S. Geological Survey; 
H. F. Reid, Johns Hopkins University; Ira Remsen, Johns Hopkins 
University; R. B. Rowe, Johns Hopkins University; F. C. Schrader, 
U.S. Geological Survey; G. O. Smith, U. S. Geological Survey; A. C. 
Spencer, U. S. Geological Survey; J. E. Spurr, U. S. Geological Sur\'ey; 
N. H. Stokes, U. S. Geological Survey; G. W. Stose, U. S. Geological 
Survey; H. VV. Turner, U. S. Geological Survey; C. D. Walcott, U. S. 
Geological Survey; H. S. Washington, Locust, N. Jersey; Mrs. Geo. H. 
Williams, Baltimore; Bailey Willis, U. S. Geological Survey. 

A most interesting and profitable feature of this gather- 
ing of geologists was the excursions arranged by Dr. Wm. 
B. Clark in honor of Dr. Brogger. These excursions inclu- 
ded short trips into the country adjacent to Baltimore and 
two long trips. 

The state boat ^'Governor McLane** was put at the dis- 
posal of the geologists and April 28th, 29th and 30th were 
spent on the Chesapeake bay and the Patuxent river exam- 
ining the Cretaceous and Tertiary formations. At the close 
of the season of lectures a trip was made from Washington, 
on the private launch of the president of the Chesapeake 
and Ohio canal, up that canal by way of Point of Rocks and 
Harpers Ferry into the Central Appalachian district. From 
this point the party was transferred by special train to the 
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coal regions of the AUeghenies. A return was made to Bal- 
timore on the loth of May. 

After a short stay in Washington, professor Brogger vis- 
ited the University of Chicago, where on the nth and 12th 
of May, he gave two lectures. He returned east by way of 
Niagara falls and after brief visits in New York, New Haven, 
and Boston, to which cities he was attracted by the muse- 
ums and universities, he sailed early in June for Norway. 

The geologists in America are under special obligations 
to Mrs. George Huntington Williams for enabling them to 
meet and to listen to such eminent scientists as Sir Archi- 
bald Geikie and professor W. C. Brogger. 

It is especially fitting that the latter should deliver a. 
course in this lectureship for his chief investigations have 
been along the same lines as thoseof professor Williams and 
for him and his work professor Williams pften expressed 
unbounded appreciation and respect. 



REVIEW OF RECENT GEOLOGICAL 
LITERATURE. 



Stratigraphie du Massif Cambrien de Stavelot, par M. Lohest 
fit H. FORIR. (Annales de la Society g^ologique de Belgique, Tome 
XXV bis, 4to, 50 pages, several cuts and two plates, Liege, 1890-1900.) 

The Cambrian rocks in Belgium have not been determined by an 
abundant and varied series of organic remains, but M.M. Lohest and 
Forir have brought together in their memoir (and analyzed) the 
knowledge relating to them that has been accumulated in the last fifty 
years. 

From this memoir wc learn that Mr. Andre Dumont made the first 
important study of these rocks, and the classification adopted, based 
on his work and that of later investigators is the following (descend- 
ing order): 

Salmien System. 2. Quartziferous fine shales dominant. i. 
Fine black shales dominant. 

Revinien System. Fine shales and black pyritiferous quartzites. 

Devillien System. 2. Fine shales and greenish white quartzite. 
I. White quartzites of Hourt. 

In 1866 Mr. C. Malaise announced the discovery of Dictyonema 
and of Chondrites antiquus Goepp in the rocks of Spa. A few years 
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later he stated that the Dictyonema was D. sociale Salt., of the Lingula 
flags of Britain. 

In 1874 Prof. G. Dewalque stated that the slates of Fumay were 
identical with those of Llanberis (Wales) and that the Belgian sys- 
tem Revinien corresponds exactly to the Lingula flags; also that the 
^almien could be referred to the Tremadoc shales. Prof. Dewalque 
slated that he had found Eophyton linnaeanum Torell, in the Revinien 
of the Ardenne, and a little later that he had discovered in the same 
beds, ProtQspongia fenestrata Salt., tracks left by Hymenocaris ver- 
micauda Salt ., and an Agnostus, fossils characteristic of the Lingula 
flags. In the Devillean he found Oldhamia radiata Forbes, and a 
Primitia. 

The observations of Mr. C. Malaise imply a wider range for Old- 
hamia radiata than the first observers knew of. He found it in the 
Revinien near Rochelinval, and markings like it in the Salmien near 
Spa. 

In 1894 Mr. Hy. Forir noted the presence of a Theca [Hyolithes] 
resembling T. arata Salt, a fossil of the Lower Tremadoc, and recog- 
nized the D. sociale Salt., as identical with P. flabelliforme Eichw. 

From the above summary of the known (or characteristic) fossils 
of the Belgian Cambrian rocks it would appear that the horizon of 
Dictyonema flabelliforme is definitely established as occurring in the 
base of the Salmien system. There also appears every reason to sup- 
pose that the Revinien represents (in part at least) the Lingula flags. 

There seems less certainty about the exact age of the Devillien. 
If Oldhamia radiata has the w*dc range claimed by Malaise it will 
have less determinative value than has been supposed by other geol- 
ogists, and this "system" may represent any part of the Cambrian 
from the Lower Lingula flags downward; its massive white quartzj'tes, 
however, are likely to prove to be the base of the Cambrian terrane 
in that country as claimed by Andr^ Dumont. 

From the authors' sections it would seem that the structure of the 
Belgian Cambrian is very complicated and the rocks appear to have 
suffered considerable metamorphic changes, as ottrelite and specular 
iron have been developed in the upper slates of the Salmien. 

Messrs. Lohest and Forir's memoir is illustrated by a number of 
maps and sections in the text; and by two plates at the end, showing 
the aspect of the surface in worn exposures of the Devillien quartzytes. 
The work is a valuable addition to Cambrian geology. G. F. m. 

Fauna of the Chonopectus Sandstone at Burlington^ Iowa, By 
Stuart Weller. (Trans. St. Louis Acad.Sci., Vol. X, pp. 57-130, igoo. 

The second installment of the "Kinderhook Faunal Studies" is for 
several reasons especially welcome at this time. In the first place it 
deals with the fossils of one of the "yellow sandstones" of Burlington. 
Iowa, about the faunal relations of which there has always been so 
much uncertainty. To all except a few persons who have actually 
collected from these sandstones the fauna of the "yellow sandstone" 
has been almost mythical. Ever since' the si>ecies were described, 
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over 35 years ago, by White, White and Whitfield, and Winchell, 
paleontologists have been puzzled in regard to identifications. The 
original descriptions were unaccompanied by illustrations. The type 
specimens deposited in the University of Michigan were long inac- 
cessible. Mr. Weller now comes forward and gives us the results of 
his studies of the type specimens, and figures them. Henceforward 
students of the Burlington region will know something of the many 
forms once so puzzling, arid will take a new interest in the subject. 

In the second place the paper under consideration touches upon 
an important stratigraphic problem, concerning the delimitation of 
the Devonian and Carboniferous of the region. On this phase of 
the subject the suggestions are timely, as the so-called Kinderhook 
beds have long been debatable ground. Mr, Weller well states the 
case when he reiterates that ''Attention should be again called, at this 
point, to the diverse and local character of the lithologic formations 
and of the faunas of the Kinderhook epoch. It is not possible,* as 
has been the usual custom, to recognize three constant divisions of 
the Kinderhook, either lithologic or faunal, well defined throughout 
the whole area in, Iowa, Missouri, and Illinois, occupied by the rocks 
of this age. The names Louisiana limestone, Hannibal shale, and 
Chouteau limestone, cannot be applied to all the Kinderhook forma- 
tions throughout the area, and as investigations are prosecuted in 
various localities, other local formation names will have to be intro- 
duced." 

The composition of the Chonopectus sandstone fauna is as follows: 

CLASS GENERA SPECIES 



Brachiopoda | 15 

Pelecypoda | 19 

Gastropoda | 12 

Scaphoda | i 

Pteropoda | i 

Cephalopoda | 4 



20 
32 
21 

I 
I 
6 



Total I 52 I 81 

Of these the brachiopods are considered partly of Devonian aspect, 
but largely Carboniferous. The other five classes, comprising 75 per 
cent, of the species, and the 65 per cent, of the genera, have .nn ad- 
mittedly Devonian facies. 

Mr. Weller, however, places more weight upon another fa< tor. 
He says: "Taken as a whole, a larger number of the total 81 species, 
recognized in the fauna, have Devonian and not Carboniferous rela- 
tionships, but this is not suflficient evidence upon which to establish 
the Devonian age of the fauna. In general, in paleontologic interpre- 
tation, the initiation of a new invertebrate faunal element is of greater 
importance than the holding over of a much larger element from an 
old fauna, and on this principle the strongly Carboniferous element 
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among the brachiopods of the Chonopectus sandstone is to be consid- 
ered as weightier evidence than the holdover pelecvpods and cephalo- 
pods." 

In conclusion it is stated: "In the interior of the North American 
continent, the dividing line between the Devonian and Carboniferous 
periods is not sharply defined, like that between the Ordovician and 
Silurian, for instance, but judging from the association of genera and 
species alone, the fauna under consideration, and indeed all the 
Kinderhook faunas, should be placed in the Carboniferous. However, 
if it can in any way be demonstrated that the strong Carboniferous 
element in the fauna had its point of origin right here in the Missis- 
sippi valley, and that these types of life existed here earlier than in 
any other part of the world, their presence in other regions being due 
to migrations of life from this region, then there may be some foiinda- 
tion for considering a part or the whole of the Kinderhook as being 
the very youngest Devonian. It yet remains to be demonstrated, 
however, whether the Kinderhook holds such a relationship to the 
Carboniferous of other parts of the world." 

The stratigraphic section of Burlington is taken as a basis, with 
the various dividing lines essentially the same as established by Hall, 
and later adopted by other writers. 

Altogether the paper is timely; and a valuable addition to our 
knowledge of the Kinderhook. Only one point arises, if one might 
be inclined to criticize. In a paper of a monographic character great- 
er completeness would be expected. Not nearly all of the species 
known to occur in the yeilow sandstone of Flint river are consic'ered. 
If it was only intended to take up the forms described chiefly by 
White, Whitfield and Winchell, no mention is made of this restriction. 

C. R. K. 

The Glacial Gravels of Maine and tkeir Associated Deposits, By 
George H. Stone. Monographs of the U. S. Geol. Survey, Volume 
XXXIV. Pages xiii, 499; with 52 plates, and 36 figures in the text. 1899. 
Price, $1.30. 

In this volume we welcome the publication of the results of sur- 
veys and studies which were begun in 1876 and were substantially 
completed, as the author states, in 1889. The central theme is the 
description of prolonged gravel ridges which were formed during the 
final recession of the ice-sheet, with consideration of the conditions 
of their origin. These eskers or osars, known more commonly to 
the people of Maine by their local name, "horsebacks," extend from 
south to north, or northwesterly, varying in length from a few miles 
to more than a hundred miles, in approximately parallel series or sys- 
tems, fifty or more in number, many of them receiving branches. The 
main line of each system coincides nearly with the course in which 
the ice-sheet moved, but the branches often run transversely many 
miles, coming from either side like tributaries of a river system. Pro- 
fessor Stone very thoroughly describes these remarkable gravel ridges, 
which are equalled or surpassed in no other region, excepting Sweden. 
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He ascribes their interrupted deposition near the front of the glaci- 
ated area to subglacial streams. Farther north, as the system length- 
ened, the receding ice-sheet, deeply melted on large areas and cov- 
ered by its previously englacial drift, appears to have become chan- 
nelled by large superglacial streams, open above to the sky and flow- 
ing through occasional broad basins inclosed by the waning ice- 
fields, where the esker ridges are replaced, sometimes for several 
miles, by extensive gravel and sand plains. 

The valley drift of gravel, sand, and clay, once forming continuous 
and thick flood-plains, but now carved in terraces by river erosion, and 
also the marine clays of the coast and of the great valleys up to 200 
or 300 feet above the sea, are shown to have chiefly originated, like 
the esker gravels, from the englacial (and by ablation superglacial) 
drift of the departing ice-sheet. 

Following the classification of Torell in Sweden and of Hitchcock 
and Upham in New Hampshire, Prof. Stone regards the compact and 
hard lower part of the till as a ground moraine, while the compara- 
tively loose upper till, containing fewer glaciated rock fragments and 
an increased proportion of large boulders, is ascribed to deposition of 
drift which had remained in or upon the lower part of the ice until 
the completion of its melting. The quantity of the finally englacial 
drift which became superglacial, falling on the ground as the upper 
till, is estimated to have averaged generally only a few feet, with a 
maximum of perhaps twenty feet. 

Many very interesting questions concerning the history of the Ice 
age in Maine are most ably and instructively discussed in this mono- 
graph, and it will be read attentively by the glacialists of America 
and Europe. The question of greatest consequence, in a comparison 
of this state with other drift-bearing regions, is probably that which 
asks for evidence of interglacial stages, or great recessions or depart- 
ure of ice-sheet, succeeded by renewal of snow and ice accumulation. 
On this subject Prof. Stone writes as follows: "It is well known that 
in the Mississippi Valley there are two or more layers of till separated 
by strata containing peat and other traces of a warm interglacial 
period. No such signs of two general glaciations have yet been found 
in Maine. The few facts that indistinctly point that way seem as yet 
to be capable of other interpretations, although during the final melt- 
ing there may have been alternate retreat and advance near the ice 
margin." 

Each county of the state is mapped separately, in alphabetic order, 
showing the courses of the esker gravel systems. It would have 
further aided the reader, if a map of the whole state on a small scale 
had been added, noting these systems, with their names, in a single 
comprehensive view. w. u. 

r^e Illinois Glacial Lobe. By Frank Leverett. Monographs of 
the U. S. Geol. Survey. Volume XXXVIII. Pages xxi. 817; with 24 
plates, and 9 figures in the text. 1899. Price, Si .60. 

This is one of a series of monographs which arc being prepared, 
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dealing primarily with the marginal moraine^, and also quite fully with 
all the associated drift formations, of the northern United States. 
Professor Chamberlin, in his letter transmitting this report to the di- 
rector, writes: "Early in the preliminary work special attention was 
drawn to the lUinois glacial lobe, because its morainic ridges and its 
till sheets were very widely, deployed and because its relations were 
such as to make it, in some sense, a key to the whole glacial scries east 
of the Mississippi, and hence it has been given precedence." 

Five or more lobes of the North American ice-sheet and of its 
drift-bearing area are broadly outlined between the gulf of Maine and 
the Upper Missouri river. In their order from east to west they may 
be named the New England and New York lobe, the Eastern and 
Western Ohio lobes, the Illinois lobe, and the Missouri and Kansas 
lobe. The one that reached farthest south is here elaborately de- 
scribed by Mr. Leverett, in respect to the area and contour of the 
land that it covered, its marginal moraines, intermorainic and la- 
custrine deposits, changes of drainage due to glaciation, succession of 
c'rift formations revealed by sections of wells, and stages of maximum 
advance and wavering and irregularly fluctuating retreat of the ice- 
sheet. 

Fifteen stages of the Ice age and its drift are recognized by Leverett 
in this region: i. The stage of the oldest known drift sheet, the 
Albertan of Dr. George M. Dawson: 2. The interglacial Aftonian stage 
of Chamberlin; 3, The Kansan drift sheet, formed when the ice-sheet 
attained its greatest area west of the Mississippi river: 4, The second 
interval of retreat of the ice. named by Leverett the Yarmouth stage: 
5, The Illinoian drift sheet; 6, The third interval of glacial retreat. 
Leverett's Sangamon stage; 7, The lowan drift sheet and the main 
loess deposit; 8, The fourth glacial retreat, Leverett's Peorian stage, 
perhaps including the Toronto and Scarboro* interglacial beds; 9, 
The Early Wisconsin moraines and drift sheets, including four definite 1 
substages; 10, The fifth interval of recession; 11, The Late Wisconsin 
moraines and other formations, referable to three subslages; 12, The 
first stage of the glacial lake Chicago; 13, Withdrawal of this lake 
below its previous outlet to the Illinois river; 14, Temporary return 
of the lake level to the Chicago outlet; and 15, The present stage of 
lake Michigan. 

The time relationship of the Illinoian drift sheet with the earlier 
Kansan and the later lowan is not certainly determined; but the au- 
thor concludes, from all his observations, that a very long time in- 
terval, the Yarmouth, separated the Kansan and Illinoian stages of 
glaciation, whereas a probably shorter interval, the Sangamon, divided 
the latter from the lowan stage. 

It is impossible, within the limits of this review, to note adequately 
the vast amount, the fullness in details, and the logical arrangement 
and discussion, of the author's observations presented in this volume. 
We look forward with earnest hopes for the continuation of this 
series of reports, until all our drift area shall be thus accurately made 
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known, enabling the marginal moraines to be traced and correlated 
,icross more than half of our continent. w. u. 

Eine Untersilurische Litoralfacies bet Locknesjbn in Jemtland, 
von Carl Weiman. [Bull. Geol. Inst. Upsala, No. 8, vol. iv, pt. 2, 1899 
<i900).] 

In this article is described some interesting shore-line phenomena 
of the old Ordovician sea in a district of northern Sweden. 

The author appears to imply that the shore-line phase of the Ordo- 
vician which he ascribes to the age of the Qrthoceras limestone (extend- 
ing up to the Chasmops limestone) contains many brecciated fragments 
of the underlying rock, although there are true conglomerates in the up- 
per layers. The author does not suggest any cause for this peculiar phe- 
nomenon of profuse supply of angular fragments of all sizes. Where 
it rests upon the fundamental gneiss, the shore deposit is a compact 
mass of brecciated stones — of granite quartz, diabase, alumslate, 
etc. It would appear that the Cambrian alumslates were consolidated 
before the mass of breccia was formed. Several variations of this de- 
posit are described, the upper being of a sedimentary nature and pass- 
ing to the true conglomerates above referred to. 

This brecciated deposit is locally known as '*Loftarsten*\ By the 
sections and description the "Loftarsten" is seen to range from the base 
of the Orthoceras limestone to the Chasmops limestone. 

A number of sections show the disturbances the region has under- 
gone since Ordovician times and there is a geological map which shows 
the distribution of the **Loftarsten" and the related terranes. o. f. m. 

Ueber Euloma und Parostoma, von J. F. Pompeckj in MQnchen. 
<Neues Jahrbuch fttr Mineralogie, Geologie und Palaeontologie, Jahr., 
1900. Bd. i,s. 135-138-) 

This is a controversial article in which the author contends that the 
genus Euloma is characterized by three pairs of glabellar furrows as 
against Prof. Freeh who has stated there are two. Also that Pharasto- 
ma has but two pairs of glabellar furrows. The author also differs from 
Freeh in claiming that in the latter genus, the facial suture turns inward 
in going toward the front margin, in opposition to Freeh who contends 
for an outward direction of this part of the suture. There are six fig- 
ures of the head of a species of this genus and of an Euloma to show 
the suture and furrows in these genera. o. f. m. 

Maryland Geological Survey, Vol, III, i8gg. By William Bul- 
lock Clark, State Geologist, The Johns Hopkins Press, Balti- 
more, Md. 

The third volume of the Maryland Geological Survey is illustrative 
of the advance of investigation in directions of practical as well as of 
theoretical interest. It treats of the highways of Maryland, and con- 
tains much instructive information. The subject is of economic im- 
portance and the aim of the report is to supply to the citizen of the 
state information which cannot fail to affect the construction of roads 
in the future. 
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In Part I Dr. Clark gives an account of the organization of high- 
way investigation by the Maryland Survey. In Part II he discusses 
highway construction in relation to topography, climate and geology. 
This section, includes a detailed discussion of the lithological and 
geological characteristics of the different regions of Maryland, the 
account being concerned especially with showing the relative adapta- 
bility of the different formations to highway location and construc- 
tion. 

Part III, by St. George L. Lioussat, deals with highway legisla- 
tion from the historical standpoint. He shows the relation of means 
of communication to the economic development of the state, and 
mentions many incidents of interest concerning the highways in co- 
lonial times. 

The remaining sections treat the subject from the economic stand- 
point. Mr. A. N. Johnson, engineer 6i the board of commissioners of 
Massachusetts, traveled over 2,500 miles of Maryland roads, and the 
report of his investigations is embodied in Parts IV and V. He gives 
statistics of the mileage of different kinds of roads in the different 
vounties and discusses the location, grading, drainage, surfacing and 
maintenance of the various kinds of roads. This section is admirably 
illustrated by maps showing the different sorts of roads in their re- 
lation to geological structure. 

Dr. Reid contributes the remaining sections. Part VI deals with 
methods of selecting suitable road materials, and concludes with a 
table showing the results obtained from various tests performed upon 
various rocks in the laboratory of the Highway Division. Part VII 
deals with the administration of roads in Maryland, in other states, 
and in Europe. Part VIII describes the advantages resulting from 
good roads. 

This volume equals its predecessors in typographical workman- 
ship. Its 460 pages are admirably illustrated by thirty-five plates and 
thirty-eight figures. i. H. o. 

The Natural History of cordieriU and its associates, J. J. H. 
Teall. (Proceedings of the Geologists* Association vol. xvi, part 2, 
pp. 61-74, 1899.) 

This interesting review of cordierite and its associates, sillimanite. 
corundum, andalusite, spinel, is designed to emphasize some recent pe- 
trological facts that bear on the phylogeny, so to speak, of these mine- 
rals, and especially of cordierite. The author assumes that, as a rule, 
cordierite crystallizes in individual prisms in contact and metamorphic 
rocks and in multiple prisms in volcanic rocks, and with this as a crite- 
rion he assigns some of the cord ieritiferous rocks to the igneous category 
and others to the metamorphic. The kersantyte dike near Michaelstein 
is an instance. He infers that it must have been in a completely molten 
state when injected into the clay slate because the contained cordierite 
is in six sided prisms which break up into sectors in polarized light. 

The author epitomizes the recently published experiments of Moro- 
sewicz on the production of these minerals from a molten mass who 
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found that they always belong to the first period of consolidation, that 
they are formed in feldspathic magmas, cordierite resulting when they 
also contain magnesia. The results of Morosewicz are not in accord 
with the theory of Pratt as to the origin of corundum in the dunyte of 
North Carolina. 

The author is lead by his review to the opinion that when these min- 
erals are found in an igneous rock they have probably been produced 
by absorption of foreign material, and that the existence of a normal 
magma capable of forming them is "open to question". n. h. w. 

The Scope of the Vulcanological Survey of Japan j B. Koto, mem- 
ber of the earthquake investigation committee, Tokyo, 1900. 

This survey is not confined to volcanoes, but is in plan and scope a 
geological survey. Volcanoes and earthquakes being pronounced fea- 
tures of Japan they have given name to an investigation which, when 
fully carried out, will depict not only the location and characters of the 
craters, extinct and active, but also the underground structure through- 
out much of the kingdom. The principles of volcanoes, their causes 
and distribution, are so intimately connected with the structure lines of 
the country, some of which reach back to the early epochs of geology, 
that no geologist could consider one, where they both exist, without also 
examining the other. Prof. Koto distinctly affirms that he works from 
the view point of the "tectonic line", regarding that to have intimate 
and fundamental relations with the known chains of volcanoes, systems 
of mountains and non-volcanic earthquakes. 

This survey is made tributary to the practice instruction in the Impe- 
rial University. The senior students are allotted certain localities which 
are of interest for field exercises in geology. The final reports on these 
localities serve as thesis topics. The official work began in 1894, al- 
though it was ordered and the governmental Committee was appointed 
two years before. The fund used for travelling expenses the present 
year amounts to 1850 francs. The plan of this establishment seems to 
be excellent and its execution is in good hands. After a time much will 
be known of the geology and vulcanology of Japan. n. k. w. 

Notes on the Geology of the Dependent Isles of Taiwan, B. Koto. 
(Jour. Coll. Sci. Imp. Univ. Tokyo, vol. xiii, part i, 189Q.) 

These islands lie to the southeastward from China and to the west- 
ward from Taiwan (or Formosa). They are composed of volcanic rocks 
with interbedded sedimentaries, desolate and barren, "entirely destitute 
of green covering, due, it is said, mainly to the savage violence of the 
winds, against which even hardy shrubs cannot maintain their footing." 
The larger island, Hoko, is composed of Tertiary basalts of three diffe- 
rent dates separated by long intervals, the top-most flow capping the 
surface in butte-Iike elevations. 

The author discusses fully the petrography of the volcanic rocks, giv- 
ing four plates of microscopic illustrations, and a map. In describing 
the olivine he adopts the term "iddingsite" given by Lawson to an al- 
teration product of olivine, presumed by Lawson to be an original, new 
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mineral. This has since been shown by Lacroix to be probably the 
same mineral as that described in 1877 in the Mineralogical Magazine 
(vol. I, p. 154) several years earlier and named bowlingite, and by him 
thought to result from an alteration of olivine. The term iddingsite was 
therefore unnecessary and should not be perpetuated. The writer has 
encountered the same mineral in the igneous rocks of the Keweenawan 
in Minnesota. (Am. Geol., vol. 23, p. 43, 1899). n. h. w. 
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DEVONISCHE FiSCHRESTE AU8 DER ElFEL. By F. V. HUENE 

(Neues Jahrb. igoo, Bd. I, p. 64). A notice of this paper appeared in 
the April number of the Geologist over the initials "G. F. M.", but the 
reviewer failed to mention Dr. v. Huene's claim to have announced for 
the first time the presence of Rhynchodus remains in European rocks. 
In view of the very considerable interest attaching to Devonian fish- 
remains of Europe, it deserves to be recalled that dental plates of 
Rhynchodus from the Eifel were figured by H. von Meyer in Palaeon- 
tographica vol. IV., 1855, being theoretically associated by him with the 
type of his so-called "Physichthys." The true nature of the latter 
•*genus" was first pointed out by A. S. Woodward (Geol. Mag. vol. VII 
1890, p. 459,) after an examination of von Meyer's originals in their pres' 
ent resting-place in the museum of Comparative Zoology at Cambridge, 
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Mass. Here, as a part of the Schultze collection, representing years of 
accumulation, is preserved a magnificent series of Eifelian fish-remains; 
and on the basis of this material two species of Rhynchodus and one 
each of Ptyctodus and Palaeomylus were described by the writer in the 
American Naturalist for July, 1898. With one of these, Rhynchodus 
major^ the dental plate figured by Dr. v. Huene would be pronounced 
by most observers identical, the merit of the new specimen consisting^ 
in its being more perfect than any hitherto discovered. The anterior 
beak is especially well preserved, and its appearance would indicate 
that the plate in question belonged to the lower jaw. 

Another genus of very rare occurrence in the German Devonian is 
Dipterus. Dr. Otto Jaekel reports (Zeitschr. deutsch. geol. Ges. Bd. LI. 
1899, p. 37) the discovery of the trunk and cranium of a fish doubtfully 
determinable asZ>. vaUnciennesiixowi an uncertain locality in the Rhine 
Province. From the Eifel no specimens have been hitherto reported^ 
but in the Schultze collection just referred to is preserved a single de- 
tached dental plate 2 cm long from Berndorf, in the Eifel district. It 
belongs without any question to Pander's Z>. murchisoni, a well known 
Russian species. A primitive forerunner of the Carboniferous genus 
Orodus is also represented in the same collection by a unique tooth 
from the neighboring locality of Pelm. Crossopterygian scales and 
teeth of Onychodus occur at Gerolstein, and these together with Mac- 
ropetalichthys and Chimaeroids bring the fauna into close relation 
with the Mesodevonian of this country (Corniferous and Hamilton). 

The ichthyodorulite described by Dr. v. Huene is suggestive of the 
distal portion of a spine (denuded of its tubercles, however) from Gerol- 
stein figured by Roemer in PI. 31 Fig. 10 of his Lethaea Geognostica, 
Vol. I, 1876. This last undoubtedly belongs to the same class of der- 
mal defenses as Acanthaspis, whether we regard the latter as arthrodire 
or ostracoderm. A smaller species, known as A, pruemensis has been 
described from the Eifel Devonian by Dr. R. H. Traquair (Ann. Mag. 
Nat. Hist. vol. XIV, p. 370, 1894), and it appears altogether probable 
that Phlyctaenacanthus, from the Hamilton of Wisconsin, should be 
placed in the same general category. 

C. R. Eastman. 
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McGiLL University conferred the degree of LL. D., on 
J. F. VVhiteaves of the Canadian Geological Survey at the 
recent convocation, April 30th. 

Dr. I. C. White sailed for Europe with his family May 
5th, to be absent in England and on the continent until 
October. 

Mr. Gilbert van Ingen of Columbia University is 
slowly recovering from the severe illness which has confined 
him to his home at Poughkeepsie for several weeks and 
which at one time placed his life in great danger. 
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Dr. R. a. Daly, of Harvard University, expects to act 
as geologist on a scientific and hunting trip to Labrador dur- 
ing the summer. It is planned to explore much of the coast 
thoroughly, and to make traverses of parts of the interior. 

Prof. J. J. Stevenson and family sail for Europe in 
June by way of the Azores and Genoa. They will travel ex- 
tensively on the continent and attend the International Con- 
gress of Geologists, Prof. Stevenson being a delegate from 
the New York Academy of Sciences. He will make some 
special studies in the coal fields of France during this visit. 

Professor W. C. Brogger, of Christiania, was the 
guest of professor J. F. Kemp during his brief stay in 
New York city on his way back to Norway. The geologists 
of New York and vicinity had the honor of meeting the dis- 
tinguished Norwegian geologist at an evening reception at 
Prof. Kemp's home on Friday, May 25. 

The Boston Society of Natural History has award- 
ed its first Walker prize of Sioo to Dr. Rudolph Ruedemann, 
assistant New York State paleontologist, for an essay on 
**The Hudson River Formation of the Vicinity of Albany, 
N. Y., and its Taxonomic Equivalents." The paper will be 
published as a bulletin of the State Museum. 

Dr. W. D. Matthew, assistant curator of the Depart- 
ment of Vertebrate Palaeontology of the American Museum 
of Natural History, sailed on the ss. Maasdam, 19 May, 
for a four month trip abroad. He will visit the principal 
museums of Europe, making especial studies where there 
are important collections in vertebrate palaeontology, and 
will attend the geological congress at Paris as a delegate 
from the institution with which he is connected. 

The final result of the late explorations of the 
"Albatross," under the direction of Mr. Alexander Agassiz 
is foreshadowed and expressed plainly in the letters from- him 
published during the last few months. **We must look to sub- 
marine erosion and to a multitude of local mechanical causes 
for our explanation of the formation of atolls and of barrier 
and encircling rfeefs, and that, on the contrary, subsidence 
lias played no part in bringing about existing conditions of 
the atolls of the south and central Pacific." (Am. Jour. Sci., 
May, 1900., p. 371.) 

Prof. W. M. Davis will spend June in the west, visiting 
the Colorado caflon. Later in the summer he is to deliver a 
series of physiographic lectures in England. 

In connection with the summer school of Harvard Uni- 
versity, this summer, 1400 Cuban teachers are to be given 
instruction in several subjects. Next to the study of English, 
the most elaborate plans are for a survey of geography, es- 
pecially physical. A lecturer will be in charge, and field 
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work will be carried on with the aid of a number of trained 
aids, through interpreters. The lectures, however, will be in 
Spanish. 

The Legislature of Ohio recently appropriated the 
sum of $25,000 for the inauguration of a topographical sur- 
vey of that state, in cooperation with the United States geo- 
logical survey. This movement was initiated by the Ohio 
State Academy of Sciences, December, 1896, which appoint- 
ed a committee who memorialized the Legislature on the 
nature, utility, and cost of such a survey. It received the 
endorsement of various scientific and educational societies 
in the state and of prominent citizens, chambers of com- 
merce, and the principal newspapers. Under the manage- 
ment of Prof. A. A. Wright, chairman of the committee of 
the Ohio Academy, the effort has been crowned with 
success. 

Prof. Henrv F. Osborn leaves for Europe in July to 
attend the International Congress of Geologists in Paris. He 
goes as a delegate from the New York Academy of Sciences. 

The Department of Vertebrate Palaeontology of the Ameri- 
can Museum of Natural History has two parties in the field 
this season. One is under the charge of Walker W. Granger 
and is collecting reptilian remains in Colorado and Wyoming, 
while the other, which is led by J. W. Gidley, is exploiting 
a rich find of fossil mammal bones in early pleistocene beds in 
the southwest. Barnum Brown, who has had charge of the 
Museum exp>edition to Patagonia, is now on his way to New 
York. He has been very successful and is thought to have 
obtained a very representative Patagonian collection. Seven 
boxes of material have been received from him and fourteen 
more are on their way hither. 

American Association fortheadvancementofscience. 
The next annual meeting will be held at New York City, June 
23 to June 30, at Columbia University. The president is R. 
S. Woodward and the vice-president for the section of Geolo- 
gy is J. F. Kemp, its secretary being J. A. Holmes. 

Special preparations have been made by the Department 
of Vertebrate Palaeontology of the American Museum of 
Natural History for the reception of the geologists and 
palaeontologists who attend the meeting of the American As- 
sociation for the Advancement of Science this^ year. Every- 
thing is on exhibition in the hall which was in shape to be 
placed there for the interest and instruction of the visitors. 
This includes a large portion of the Cope collection, as well 
as the rich material collected by the numerous expeditions 
which have been sent out by the Museum. This department 
has been opened since the last meeting of the Association in 
the vicinity of New York (Brooklyn, 1894), and the display in 
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its hall will be a revelation to those persons who have not 
visited the Museum during this period. 

Professor W. C. Brogger, of the University of Chris- 
tiania, lectured at the University of Chicago on May 14th 
and 15th. His subject was "The genetic classification of ig- 
neous rocks". On the 15th Prof. T. C. Chamberlin gave a 
dinner in honor of Prof. Brogger. Those who attended the 
lectures included the special students in geology at the Uni- 
versity of Chicago, a few from Northwestern University, and 
the following geologists: 



C. P. Berkey, University of Minnesota. 

aberlin, University ( ' 
A. R. Crock, Northwestern iJniversity. 



T. C. ChaniDerlin, University of Chicago. 



O. C. Farrington, Field Columbian Museum. 

U. S. Grant, Northwestern University. 

W. F. E. Gurley, University of Chicago. 

W. H. Hobbs, University of Wisconsin. 

J. P. Iddings, University of Chicago. 

A. C. Lane, State Geologist of Michigan. 

H. W. Nichols, Field Columbian Museum. 

C. W. Rolfe, University of Illinois. 

J. A. Udden, Augustana College. 

C. R. Van Hise, University ofWisconsin. 

Stuart Weller, University of Chicago. 

L. G. Westgate, Evanston High School. 

At The April Meeting of the New York Academy 
OF Sciences, Section of Geology and Mineralogy, doctor 
R. Ellsworth Call presented **Some Preliminary Notes on 
Crystal Growths in Mammoth Cave." He first gave a brief 
resume of the geology of the vicinity of Mammoth cave. The 
strata making the geologic section are nearly horizontal, and 
all the rocks forming the cavern are of sub-Carboniferous age. 
The regioi? of the cavern is capped with sandstones of the 
Chester group 500 feet thick, beneath which are oolitic and 
other limestones, in which the cavern is excavated to a thick- 
ness of over 350 feet. The drainage level of the cavern is de- 
termined by the present level of Green river. Five different 
levels have existed during geologic time. No gypsiferous 
strata are known in the region. The overlying sandstone is 
usually quite ferruginous, but no pyrite occurs. Secondary 
crystallization has occurred in many of the stalactites causing 
them to simulate the fibrous appearance sometimes as- 
sumed by arragonite. The stalactites of recent origin 
almost all have a downward-projecting tree-root as their 
origin of fixation, or are beneath sink-holes. The chief 
objects of mineralogical interests are the gypsum crystals 
which cover the sides and ceilings of certain avenues in 
the cavern, in the upper of the five levels only, and not 
in any levels now occupied by streams. These crys- 
tals are sometimes curiously and remarkably contorted and 
riie terminations of the crystal masses are often recurved in a 
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direction contrary to the direction of gravitation. Occasion- 
ally the gypsum assumes a botryoidal form, but is commonly 
found as needles or aggregated in loose masses of fibrous 
crystals. The gypsum crystals occur only along cracks, and 
are built up by increase from the base, while the calcium-car- 
bonate stalactites are always built up by additions to their sur- 
face or terminations. It is difficult to account for the large 
amount of sulphur needed by assuming its origin in organic 
bodies, such as plants and the forests which are now of abund- 
ant growth in the region and have been so for geologic ages. 
The origin of the carbon dioxide necessary for the great w^ork 
of solution which has been accomplished is likewise fouiid in 
the decaying vegetation. The origin of the sulphuric acid re- 
quired to produce these enormous quantities of gypsum crys- 
tals, which have fallen so abundantly as to fill up certain ave- 
nues, is still problematic. Only one other mineral is found, — 
flocculent crystals pf magnesium sulphate, pendant from the 
ceiling of two or three small rooms. There are no calcite or 
quartz crystals. The paper was illustrated by lantern slides 
showing the peculiarities of the stalacitite and gypsum for- 
mations. 

Professor Kemp, in discussion, suggested that the small 
percentage of sulphur present in the limestones themselves 
might, after the solution of the latter, aggregate sufficient sul- 
phur to afford gypsum along the crevices. Doctor Julien and 
professor Stevenson each cited cases in the Carribbean and 
Bermuda islands where the amount of vegetation now or 
formerly growing on the surface was insufficient to accom- 
plish the solution required for the great caves which exist in 
the coral limestones, both of Tertiary and recent growth in the 
islands. 

A paper by doctor E. O. Hovey, on the "Scenery of the 
Harney Peak District in the Black hills. South Dakota," (illus- 
trated with lantern slides) was read by professor Kemp, owing 
to the former's absence. After a brief resume of the geology 
of the Black hills district, a series of views was shown illus- 
trative of the extraordinary erosion forms of the schists and 
pegmatytes of the Harney Peak district. The photographs 
also showed the tin mines of the Black hills, in which spodu- 
mene cr^^stals of large size have recently been obtained as a 
valuable source of lithium, as a commercial product. One 
spodumene crystal here obtained was thirty feet long. The 
granite veins have also been described by Van Hise. 

Discussion followed on occurrences of extraordinary 
large crystals of other minerals. 
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Errata for Volume XXIV. 



On page 193, 19th line, for 55« 20 ' read 15«> '30 '. 
On page 193. 31st line, for Pearson read Poussin, 
On page 194, last line, for pole read sea. 



Erratum for Volume XXV. 

On the top of page 154 should appear the heading Bigeloio well, and at the end of 
line 9 on page 155, the words see p. 154, 
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